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Abstract 
Biological  systems  have  inspired  interest  in  developing  artificial  molecular  self-­‐‑
assembly  techniques  that  imitate  nature’s  ability  to  harness  chemical  forces  to  
specifically  position  atoms  within  intricate  assemblies.  Of  the  biomolecules  used  to  
mimic  nature’s  abilities,  nucleic  acids  have  gained  special  attention.  Specifically,  
deoxyribonucleic  acid  is  a  stable  molecule  with  a  readily  accessible  code  that  exhibits  
predictable  and  programmable  intermolecular  interactions.  These  properties  are  
exploited  in  the  revolutionary  structural  DNA  nanotechnology  method  known  as  
scaffolded  DNA  origami.  For  DNA  origami  to  establish  itself  as  a  widely  used  method  
for  creating  self-­‐‑assembling,  complex,  functional  materials,  current  limitations  need  to  
be  overcome  and  new  methods  need  to  be  established  to  move  forward  with  developing  
structures  for  diverse  applications  in  many  fields.  The  limitations  discussed  in  this  
dissertation  include  1)  pushing  the  scale  of  well-­‐‑formed,  fully-­‐‑addressable  origami  to  
two  and  seven  times  the  size  of  conventional  origami,  2)  testing  cost-­‐‑effective  staple  
strand  synthesis  methods  for  producing  pools  of  oligos  for  a  specified  origami,  and  3)  
engineering  mechanical  properties  using  non-­‐‑natural  nucleotides  in  DNA  assemblies.  
After  accomplishing  the  above,  we’re  able  to  design  complex  DNA  origami  structures  
that  incorporate  many  of  the  current  developments  in  the  field  into  a  useful  material  
with  applicability  in  wide-­‐‑ranging  fields,  namely  cell  biology  and  photonics.    
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1. Background and Review of Literature  
To  understand  the  importance  that  the  field  of  structural  DNA  nanotechnology  
has  on  society,  we  must  first  discuss  the  original  goal  of  this  field:  atomically  precise  
fabrication  through  molecular  self-­‐‑assembly.  The  ability  to  build  a  material  by  precisely  
positioning  atoms  opens  a  completely  new  engineering  field  where  specific  properties  
are  encoded  into  the  material  from  the  beginning.  However,  aside  from  chemical  
synthesis,  atoms  are  not  complex  enough  to  encode  instructions  for  their  assembly  into  
intricate  constructions.  In  nature,  biomolecular  recognition  induces  molecular  self-­‐‑
assembly,  thus  providing  the  assembly  instructions  intrinsic  to  biomolecules.  The  field  
of  structural  DNA  nanotechnology  was  founded  on  this  principle  by  engineering  
oligonucleotides  to  program  structure  formation,  and  it  has  grown  rapidly  to  produce  
many  two-­‐‑  and  three-­‐‑dimensional  complex  structures  that  have  been  utilized  in  vastly  
diverse  fields.  
1.1 Nanotechnology in its Infancy 
1.1.1 The Importance of Scale 
The  arrangement  of  atoms  in  a  material  dictates  the  material’s  properties.  
Differences  in  graphite  and  diamond  pose  one  practical  example  of  how  atomic  
arrangement  affects  a  material’s  properties.  Both  substances  are  made  entirely  from  
carbon.  However,  the  spatial  arrangement  of  the  carbon  atoms  that  bind  in  a  three-­‐‑
dimensional  tetrahedral  lattice  gives  diamond  superior  hardness,  extraordinary  
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strength,  and  durability  due  to  the  tightly  packed  atomic  arrangement.  Comparatively,  
the  carbon  atoms  in  its  allotrope,  graphite,  form  bonds  in  two-­‐‑dimensional  planes  in  a  
hexagonal  pattern.  Within  each  layer  of  graphite  the  carbon  bonds  are  strong  (in  fact  
they  are  stronger  than  those  in  diamond,)  however  these  layers  easily  slide  across  each  
other,  making  the  bulk  product  softer.  Aside  from  mechanical  properties,  the  differing  
atomic  arrangements  also  affect  other  properties  such  as  conductivity,  light  absorption,  
and  chemical  inertness.  Ultimately,  the  properties  of  the  bulk  material  are  consequences  
of  the  arrangement  of  its  atoms  in  space  at  the  atomic  level.    
The  above  example  describes  how,  if  a  material  could  be  designed  with  atomic  
precision,  specific  properties  could  be  integrated  into  the  material  that  may  not  be  
achievable  otherwise.  On  the  atomic  length  scale,  atoms  are  quantized  building  blocks.  
Some  materials  are  organized  with  atomic  precision  into  lattices,  where  packing  controls  
the  atomic  arrangement.  However,  introducing  higher-­‐‑order  complexity  into  materials  
requires  the  ability  to  specifically  position  atoms  in  arrangements  outside  of  those  
defined  by  atomic  packing.  Hypothetically,  the  perfect  manufacturing  process  would  
have  the  ability  to  arrange  single  atoms,  thus  achieving  absolute  precision  and  
atomically  perfect  products  designed  to  have  specific  properties.  So,  why  would  atomic  
precision  matter?  One  modern  example  of  how  current  manufacturing  techniques  are  
limiting  technological  progress  is  Moore’s  Law,  which  states  that  the  growth  of  
integrated  circuit  capacity  is  fundamentally  limited  by  the  precision  with  which  circuit  
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features  can  be  reliably  manufactured  due  to  the  limitations  of  current  lithographical  
techniques  (Moore  2006).  By  producing  smaller,  more  efficient,  and  lighter  components,  
computing  speeds  will  greatly  exceed  current  models  while  maintaining  or  decreasing  
its  size.  Decreasing  the  size  of  computational  devices  not  only  affects  computing  
technology,  but  also  advances  health  care  and  medicine,  e.g.,  nanosensors,  neuro-­‐‑
electronic  interfaces,  and  other  nanoelectronic-­‐‑based  sensors,  leading  to  better  
integration  of  biological  systems  with  faster  and  more  accurate  diagnostics.  
1.1.2 Atomically Precise Manufacturing 
So,  how  do  we  get  to  atomically  precise  manufacturing?  One  of  the  first  
discussions  about  the  organization  of  matter  on  the  atomic  level  was  by  theoretical  
physicist  Richard  Feynman  in  his  famous  lecture  “There’s  Plenty  of  Room  at  the  
Bottom”  given  at  Caltech  in  1959,  where  he  describes  a  new  field  based  on  the  precise  
control  of  the  arrangement  of  things  on  small  length  scales  (down  to  atom  by  atom)  
(Feynman  1960).  With  this  general  ability  to  manipulate  and  control  things  on  the  atomic  
scale,  we  can  manufacture  materials  in  different  ways.  The  properties  of  these  materials  
would  be  enormously  different  due  to  atoms  intrinsically  satisfying  different  laws  than  
bulk  materials,  namely  the  laws  of  quantum  mechanics.  By  working  with  these  different  
laws  and  new  kinds  of  forces,  Feynman  anticipates  that  this  ability  would  explain  
strange  phenomena  that  occur  in  complex  situations,  produce  materials  with  new  kinds  
of  behaviors,  and  have  an  enormous  number  of  technical  applications.  He  concludes  his  
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talk  by  saying,  “the  possibility  of  maneuvering  things  atom  by  atom…is  something,  in  
principle,  that  can  be  done;  but  in  practice,  it  has  not  been  done  because  we  are  too  big.”  
In  1986,  K.  Eric  Drexler  expanded  Feynman’s  vision  in  his  book  “Engines  of  
Creation”.  In  this  book  and  later  published  materials,  he  describes  a  method  by  which  
atomically  precise  manufacturing  might  be  achievable  (Drexler  1986).  He  suggests  
following  the  footsteps  of  nature  to  reproduce  mechanically  what  cells  manage  
biologically.  Specifically,  he  describes  ways  of  using  small,  mechanical  building  blocks  
that  mimic  the  proficiencies  of  ribosomes  and  enzymes.  These  tiny  machines  would  
ultimately  have  the  capability  to  manipulate  atoms  into  complex  patterns,  creating  
essentially  anything  that  is  physically  and  chemically  possible.  Drexler’s  vision  of  
generally  manufacturing  products  built  with  atomic  precision  using  machinery  based  on  
nanometer-­‐‑scale  devices  sparked  the  novel  field  of  nanotechnology.  Though  some  of  the  
subsequent  extensions  of  his  ideas  have  been  publicly  criticized,  the  field  of  
nanotechnology  has  nonetheless  progressed  rapidly.  This  staggering,  multibillion-­‐‑dollar  
industry  continues  to  grow  with  expansions  into  diverse  fields  with  the  U.S.  federal  
government  investing  approximately  $17.9  billion  dollars  from  2001  to  2013  while  
private  companies  and  state  governments  invest  billions  more  (Crawley,  Koponen  et  al.  
2012).  
Since  Feynman’s  legendary  lecture,  methods  for  manipulating  matter  at  smaller  
and  smaller  scales  have  evolved  markedly.  These  technologies  can  be  divided  into  two  
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groups:  top-­‐‑down  and  bottom-­‐‑up  manufacturing.  Top-­‐‑down  manufacturing  describes  
the  process  by  which  bulk  material  is  reduced  in  size  by  reaching  down  to  smaller  and  
smaller  length-­‐‑scales  using  large,  sophisticated,  and  expensive  machinery,  whereas  
bottom-­‐‑up  manufacturing  builds  larger  structures  out  of  smaller  building  blocks  by  
encoding  assembly  instructions  within  the  building  blocks  for  fabrication  with  
decentralized  control.  Top-­‐‑down  methodologies  include  various  lithographic  and  
printing  techniques.  The  limitations  of  top-­‐‑down  methods  include  energy  requirements,  
equipment  cost,  and  beam  resolution,  as  most  top-­‐‑down  approaches  require  highly  
sophisticated  fabrication  tools  that  use  light  or  electron-­‐‑beams  to  create  nanometer-­‐‑scale  
patterns.  Bottom-­‐‑up  methodologies  include  vapor  deposition  and  self-­‐‑assembly  
techniques  for  atomic-­‐‑scale  and  molecular-­‐‑scale  assembly,  respectively.  Many  bottom-­‐‑
up  techniques  are  limited  to  highly  repetitive  (periodic),  ordered  patterns  over  small  
areas.  In  order  to  produce  programmable,  specifically  ordered  nanometer-­‐‑scale  patterns  
over  large  (micron  to  millimeter)  areas,  bottom-­‐‑up  techniques  will  likely  need  to  
combine  with  top-­‐‑down  nanofabrication  to  gain  control  over  this  broad  range  in  scale  
(see  Figure  2).  Additionally,  nanofabrication  methods  capable  of  assimilating  both  
biological  and  non-­‐‑biological  materials  increase  its  applicability  across  many  fields.  Of  
the  above-­‐‑mentioned  techniques,  molecular  self-­‐‑assembly  holds  great  potential  for  
programmable  organization  of  both  organic  and  inorganic  materials  with  nanometer-­‐‑
scale  precision,  which  is  the  topic  of  the  remainder  of  this  dissertation  document.  
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Figure  2:  Assembly  mechanisms  at  various  length  scales.    
1.1.3 Molecular Self-Assembly 
As  the  organization  tool  of  nature,  self-­‐‑assembly  is  the  strategy  by  which  all  
natural  biological  processes  produce  highly  complex  structures  with  nanometer-­‐‑scale  
precision.  Self-­‐‑assembly  describes  the  combination  of  disordered,  pre-­‐‑existing  
components  into  a  reversibly  ordered  structure  by  properly  encoding  assembly  
information  into  each  component  (Whitesides  and  Grzybowski  2002).  Biological  self-­‐‑
assembly  describes  biomolecular  interactions  of  proteins  and  oligonucleotides  via  non-­‐‑
covalent  bonding  mechanisms  such  as  hydrogen  bonding,  metal  coordination,  van  der  
Waals  forces,  π-­‐‑π  aromatic  stacking,  hydrophobicity,  and  electrostatic  interactions.  For  
example,  proteins  assemble  themselves  by  folding  into  specific  configurations  involving  
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the  cooperation  of  a  number  of  the  above  forces.  With  a  large  20  natural  amino  acid  
alphabet  for  structural/physico-­‐‑chemical  diversity  and  numerous  folding  mechanisms,  
proteins  are  an  ideal  substrate  for  self-­‐‑assembly.  However,  due  to  the  cooperativity  and  
complexity  of  these  folding  forces,  the  prediction  of  final,  folded  protein  structures  is  
enormously  difficult.  Likewise,  engineering  proteins  from  their  amino  acid  sequence  to  
specifically  assemble  into  a  designed,  functional  structure  remains  quite  challenging  
even  with  increasing  computational  power  (Grueninger,  Treiber  et  al.  2008).  This  
impediment  in  using  proteins  for  artificial  molecular  self-­‐‑assembly  is  due  to  the  many  
intermediate  structures  that  proteins  may  achieve  while  attempting  to  fold  into  the  
preferred,  low  energy  configuration.  Even  more  challenging  is  predicting  the  
interactions  that  may  occur  between  two  or  more  proteins  (Chothia  and  Janin  1975).  
While  considerable  research  continues  in  the  study  of  protein  folding  and  protein-­‐‑
protein  association,  our  knowledge  and  ability  to  predict  structure  formation  given  an  
amino  acid  sequence  is  not  reliable  enough  to  utilize  proteins  as  a  template  for  
nanometer-­‐‑scale  organization.  
Interactions  within  and  between  nucleic  acid  molecules  are  significantly  easier  to  
predict  than  proteins  due  to  very  specific  and  stable  hydrogen  bonding  between  
Watson-­‐‑Crick  base  pairs  (i.e.,  the  nucleotide  guanine  binds  to  its  complementary  base  
cytosine  and,  similarly,  adenine  binds  to  thymine  or  uracil).  The  secondary  structure  of  
double-­‐‑stranded  nucleic  acids  is  also  consistently  a  double-­‐‑helix,  making  it  
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straightforward  to  predict  the  self-­‐‑assembled  structure  of  nucleic  acids  with  known  
sequences  as  well  as  to  design  sequences  that  fold  into  a  desired  structure.  As  compared  
to  proteins,  natural  nucleic  acid  self-­‐‑assembly  is  limited  by  its  4-­‐‑letter  alphabet  and  
smaller  repertoire  of  obtainable  secondary  structures.  However,  specified  nucleic  acid  
sequences  produce  accurately  engineered  structures  more  predictably  than  designing  
amino  acid  sequences  to  engineer  proteins.  Both  single-­‐‑stranded  RNA  and  DNA  
molecules  can  exhibit  similar  self-­‐‑assembled  double-­‐‑helical  structures,  with  differences  
in  topological  dimensions.  Dissimilarities  are  due  to  the  contrasting  chemical  groups  on  
the  2’-­‐‑carbon  on  the  ribose  units  along  the  sugar-­‐‑phosphate  backbone  of  nucleic  acid  
molecules.  While  DNA  has  a  2’-­‐‑hydrogen,  RNA  exhibits  a  2’-­‐‑hydroxyl,  which  increases  
the  rate  of  hydrolysis  of  RNA,  leading  to  its  degradation.  Since  DNA  is  more  stable  than  
RNA  under  various  conditions  and  since  it  is  cheaper  and  easier  to  synthesize,  DNA  is  
the  favored  nucleic  acid  for  self-­‐‑assembly.  
1.2 Structural DNA Nanotechnology 
DNA  self-­‐‑assembly  is  a  key  player  in  sequence-­‐‑specific  self-­‐‑assembly  due  to  
substantial  knowledge  of  its  chemical  and  physical  properties  from  extensive  research  of  
its  role  in  molecular  biology  and  genetics.  Thus,  the  field  of  structural  DNA  
nanotechnology  emerged,  where  the  physical  and  programmable  properties  of  
oligonucleotides  (oligos)  are  exploited  to  produce  complex  architectures.  DNA  self-­‐‑
assembly  is  characterized  by  biomolecular  recognition  between  complementary  
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nucleobases  on  single-­‐‑stranded  DNA  molecules,  which  drives  and  directs  the  formation  
of  ordered  objects  whose  shapes  are  predetermined  by  the  sequences  of  the  oligos.  
Nucleic  acid  molecules  are  readily  programmable  and  have  predictable  intermolecular  
interactions.  Their  extensive  biological  study  has  led  to  marked  advances  in  synthesis  
and  modification  methods.  The  sequence  of  a  DNA  molecule  can  be  read  by  other  
nucleic  acids  and  proteins,  which  leads  to  specific  manipulation  and  modification  by  a  
large  number  of  enzymes.  The  objective  of  structural  DNA  nanotechnology  is  to  take  the  
unique  properties  of  DNA,  which  make  it  such  a  great  molecule  for  genetic  material,  
and  exploit  them  for  the  precise  positioning  of  functional  materials.  
1.2.1 Holliday Junctions 
In  its  natural,  biological  state,  DNA  is  a  double-­‐‑helical,  topologically  linear  
molecule  that  does  not  possess  the  structural  diversity  required  by  a  basic  unit  of  a  
construction  material.  Instead,  nanometer-­‐‑scale  materials  and  devices  must  be  built  from  
a  rigid  unit  capable  of  branching  off  into  multiple  directions.  The  most  biologically  
famous  branched  unit  of  DNA  is  the  Holliday  junction:  an  intermediate  structure  during  
genetic  recombination  where  four  strands  of  DNA  (two  identical  double  helices)  
associate  to  form  four  double-­‐‑helical  arms  (Holliday  1964).  The  naturally  occurring  
Holliday  junction  is  unstable;  the  homologous  symmetry  of  the  sequences  involved  in  
the  arms  of  the  junction  allows  for  branch  migration  or  diffusion  of  the  junction  up  and  
down  the  conjoined  double  helices.    If  a  symmetric  Holliday  junction  is  located  on  short  
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oligonucleotides,  then  diffusion  of  the  junction  to  the  ends  of  the  strands  would  result  in  
elimination  of  the  junction  and  formation  of  two  separate  linear  double-­‐‑stranded  
molecules.  In  1982,  Nadrian  Seeman  generated  oligonucleotide  sequences  to  form  
immobile  junctions,  incapable  of  branch  migration  (Seeman  1982).  This  result  spurred  
the  exploitation  of  DNA  as  a  structural  material  for  nanotechnology.  
The  structure  of  the  four-­‐‑armed  Holliday  junction  in  solution  was  a  subject  of  
debate  since  its  first  discovery.  Of  the  many  isomeric  conformations  that  the  four  arms  
could  achieve  in  solution,  the  junction  strongly  adopts  a  particular  crossover  
configuration  where  pairs  of  arms  base-­‐‑stack  to  form  two  helical  domains  with  a  bias  
towards  these  helices  running  antiparallel  to  each  other  (Fu,  Tse-­‐‑Dinh  et  al.  1994).  Multi-­‐‑
arm  junctions,  with  3  to  8  double-­‐‑helical  arms,  form  single  tiles  (Seeman  1982).  Tile  arms  
may  terminate  with  several  single-­‐‑stranded  residues  (sticky-­‐‑ends)  that  can  link  with  a  
neighboring  tile  with  complementary  sticky-­‐‑ends  via  Watson-­‐‑Crick  base  pairing.    High-­‐‑
fidelity  sticky-­‐‑ended  association  and  the  long  persistence  length  of  double-­‐‑stranded  
nucleic  acids  allow  for  the  prediction  of  intermolecular  interactions  between  each  tile  
component  and  of  the  local  structure  of  the  hybridized  product.  These  Holliday  
junction-­‐‑based  tiles  were  expected  to  be  a  key  unit  for  forming  2-­‐‑dimensional  periodic  
DNA  lattices.  However,  Holliday  and  multi-­‐‑arm  junctions  are  too  flexible  to  produce  
large-­‐‑scale  DNA  networks  (Petrillo,  Newton  et  al.  1988).  Instead,  the  conformational  
flexibility  of  multi-­‐‑arm  tile  architectures  has  been  exploited  to  produce  three-­‐‑
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dimensional  objects  including  cubes,  truncated  octahedra,  octahedra,  tetrahedra,  
dodecahedra,  buckyballs,  and  icosahedra  (Seeman  1996,  Goodman,  Schaap  et  al.  2005,  
He,  Ye  et  al.  2008,  Zhang,  Su  et  al.  2008).  
1.2.2 Double-Crossover Constructs 
Forming  long-­‐‑range  DNA  networks  requires  structurally  rigid  basic  building  
blocks.  To  generate  more  stiff  DNA  tiles,  the  double-­‐‑crossover  motif  was  fashioned  in  
which  a  DNA  helix  contains  two  junction  sites  where  strands  cross  over  to  another  
helical  domain  (Fu  and  Seeman  1993).  There  are  five  isomers  of  DNA  double-­‐‑crossover  
supramolecular  complexes  that  vary  in  their  neighboring  helix  orientation  (parallel  or  
antiparallel),  the  number  of  helical  half-­‐‑turns  between  each  crossover  point  (odd  or  
even),  and,  for  those  with  an  odd  number  of  half-­‐‑turns,  the  excess  groove  between  each  
crossover  point  (major-­‐‑groove  or  minor-­‐‑groove).  Of  these  five  isomers,  the  double-­‐‑
crossover  complex  with  anti-­‐‑parallel  orientation  and  an  even  number  of  helical  half-­‐‑
turns  between  each  crossover  point  (DAE)  proved  to  be  the  most  stable  and,  thus,  
suitable  for  nanoconstruction  (Li,  Yang  et  al.  1996).  Figure  3  illustrates  the  differences  
between  a  single  DNA  helix,  a  Holliday  junction  between  two  helices,  and  two  helices  
connected  by  double-­‐‑crossovers.  
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Figure  3:  Basic  DNA  constructions  used  for  DNA  structural  nanotechnology.  
The  double  helical  structure  is  displayed  terminating  with  and  without  unpaired  
regions  (sticky  ends).  A  DNA  Holliday  junction  structure  is  shown  in  two  and  three  
dimensions  to  exhibit  the  flexibility  about  the  crossover  section.  The  double-­‐‑
crossover  construction  fixes  the  position  of  the  two  helices  to  be  parallel,  as  shown  in  
the  three-­‐‑dimensional  representation.  
1.2.3 Tile and Lattice Assemblies 
The  rigid  antiparallel  double-­‐‑crossover  motif  (DAE)  was  a  breakthrough  
achievement  for  the  production  of  large  lattices.  DAE  tiles  self-­‐‑assemble  into  periodic  
networks  via  sticky-­‐‑end  sequence  recognition.  The  rigid  DAE  motif  is  used  extensively  
to  form  2-­‐‑dimensional  lattices  and  3-­‐‑dimensional  objects  (Reishus,  Shaw  et  al.  2005,  
Malo,  Mitchell  et  al.  2009,  Majumder,  Rangnekar  et  al.  2011).  Different  variations  of  DAE  
tiles  form  distinct  semi-­‐‑infinite  two-­‐‑dimensional  periodic  lattices.  Rigid  tile  assemblies  
including  triple  crossover  complexes,  paranemic  crossover  molecules,  bulged  3-­‐‑arm  
triangular  constructions,  tensegrity  designs,  and  other  geometries  have  been  employed  
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for  structure  formation  (Qi,  Li  et  al.  1996,  Yang,  Wenzler  et  al.  1998,  Mao,  Sun  et  al.  1999,  
LaBean,  Yan  et  al.  2000,  Zhang,  Yan  et  al.  2002,  Liu,  Wang  et  al.  2004,  Rothemund,  
Papadakis  et  al.  2004,  Shen,  Yan  et  al.  2004).  Additionally,  surface  assisted  anneals  have  
proven  to  stabilize  more  flexible  systems  incapable  of  forming  larger  lattices  in  solution  
(Hamada  and  Murata  2009,  Sun,  Hyeon  Ko  et  al.  2009).  Two  tile  systems  are  shown  in  
Figure  4  with  their  corresponding  lattices.  
The  tile  systems  described  above  are  engineered  to  propagate  endlessly  with  
dimensions  predicated  on  the  thermodynamics  of  the  annealed  system.  To  this  end,  
DNA  tile  systems  that  self-­‐‑assemble  into  finite-­‐‑sized  arrays  have  been  established.  Some  
of  these  finite-­‐‑sized  nanoarrays  use  hierarchical  assembly  methods  (anneals  set  up  to  
progressively  build  upon  single  tiles  to  the  desired  size)  to  promote  cost-­‐‑efficiency  and  
full  addressability  (Liu,  Ke  et  al.  2005,  Park,  Pistol  et  al.  2006,  Pistol  and  Dwyer  2007,  
Schulman  and  Winfree  2007).  The  ultimate  network  topology  is  predictable  based  on  
sequence  specificity,  local  geometry,  and  flexibility.  Flexible  tiles  can  create  lattices  with  
inherent  curvature  that  can  roll  up  into  DNA  nanotubules  (Liu,  Park  et  al.  2004,  Mitchell,  
Harris  et  al.  2004,  Rothemund,  Ekani-­‐‑Nkodo  et  al.  2004,  Ke,  Liu  et  al.  2006,  Kuzuya,  
Wang  et  al.  2007,  Yin,  Hariadi  et  al.  2008).  These  DNA-­‐‑based  networks  are  useful  for  the  
site-­‐‑specific  organization  of  inorganic  nanomaterials  (such  as  nanoparticles,  nanorods,  
and  nanowires)  and  organic  molecules  (such  as  proteins,  dyes,  aptamers,  and  
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antibodies)  for  electronic,  photonic,  chemical,  and  biomedical  applications  (Simmel  2007,  
Lo,  Metera  et  al.  2010,  Teller  and  Willner  2010,  Samano,  Pilo-­‐‑Pais  et  al.  2011).  
  
  
Figure  4:  Example  tile  constructions  and  AFM  of  corresponding  lattice  
formation.  A)  The  triple-­‐‑crossover  tile  further  illustrates  the  use  of  crossovers  to  
impose  rigidity.  B)  The  six-­‐‑arm,  or  six-­‐‑point-­‐‑star,  tile  forms  2D  arrays  with  sticky-­‐‑
ended  motifs.  
1.2.4 Traditional DNA Origami 
One  significant  derivative  of  DNA  nanotechnology  is  DNA  origami,  first  
described  by  Paul  Rothemund  in  2006  (Rothemund  2006).  DNA  origami  are  traditionally  
constructed  by  folding  the  ssM13  scaffold  strand  (the  7,249-­‐‑nt  single-­‐‑stranded  circular  
strand  extracted  from  the  bacteriophage  M13mp18)  into  a  specific  structure  directed  by  
~200  short,  synthetic  oligo  staple  strands,  unique  in  sequence  with  their  positions  in  the  
assembly  predetermined  by  design  (see  Figure  5).  These  two-­‐‑dimensional  structures  
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form  in  high  yield  because  the  single-­‐‑stranded  scaffold  strand  does  not  compete  with  its  
corresponding  complementary  strand  for  hybridization,  and  the  staples  can  be  used  in  
large  excess,  eliminating  stoichiometry  and  purity  concerns.  DNA  origami’s  emergence  
marks  a  huge  jump  towards  spatially  controlled  positioning  of  functional  materials  by  
DNA  self-­‐‑assembly  (Tørring,  Voigt  et  al.  2011).  The  increased  complexity  and  
controllable  size  of  structures  formed  in  high  yield,  as  compared  to  previous  DNA-­‐‑tiled  
constructions,  suggests  that  DNA  origami-­‐‑based  construction  is  the  premier  method  for  
biomolecular  self-­‐‑assembly  of  nanometer-­‐‑scale  architectures.  
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Figure  5:  DNA  scaffolded  origami.  A)  Schematic  shows  how  DNA  origami  is  
constructed  by  folding  a  long  scaffold  strand  with  hundreds  of  short  
oligonucleotides,  whose  sequences  determine  the  final  structure.  B)  The  same  
scaffold  strand  can  be  folded  into  many  different  two-­‐‑dimensional  shapes  
(Rothemund  2006).  C)  DNA  origami  tiles  are  patterned  into  crystalline  two-­‐‑
dimensional  arrays  (Liu,  Zhong  et  al.  2011).  D  and  E)  Three-­‐‑dimensional  constructions  
are  also  possible  (Andersen,  Dong  et  al.  2009,  Douglas,  Dietz  et  al.  2009).  F)  By  
manipulating  the  DNA  helical  twist,  structures  can  exhibit  global  curvature  and  
twisting  (Dietz,  Douglas  et  al.  2009).  G)  In  an  effort  to  increase  the  functional  surface  
area  of  origami,  double-­‐‑stranded  scaffolds  can  also  be  used  to  form  i.  two  separate  
shapes  (Ho ̈gberg,  Liedl  et  al.  2009),  ii.  hetero-­‐‑dimeric  structures  (Marchi,  Saaem  et  al.  
2013),  and  iii.  one  unified  shape  (Yang,  Han  et  al.  2012).  H)  The  complete  elimination  
of  the  scaffold  strand  is  achieved  by  utilizing  a  single  strand  tile  strategy  with  half-­‐‑
crossovers  (Wei,  Dai  et  al.  2012).    
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2. Summary of Dissertation Aims 
2.1 Significance 
Advanced  materials  for  nanotechnology  should  be  able  to  control  not  only  
densities  of  features,  but  also  the  orientation  and  spacing  between  each  feature  should  
be  precisely  programmable.  DNA  origami  structures  have  the  ability  to  specifically  
order  features  in  a  systematic  pattern.  Figure  6  shows  the  structure  of  a  DNA  double-­‐‑
helix  that  has  10.5  base  pairs  between  each  full  turn  of  the  helix  (as  represented  by  the  
cylindrical  building  block),  with  a  0.332  nm  rise  between  each  base  pair  as  measured  by  
x-­‐‑ray  crystallography  (Olson,  Gorin  et  al.  1998).  Extremely  efficient  oligonucleotide  
synthesis  has  evolved  through  the  advent  of  phophoramidite  chemistry,  which  allows  
for  functional  groups  to  be  added  to  either  end  (5’  or  3’)  of  an  oligo  or  to  individual  
bases  during  strand  synthesis.  Therefore,  every  base  along  the  twisting  double-­‐‑helix  
may  be  functionalized,  i.e.,  a  single  DNA  double-­‐‑helix  can  control  the  spacing  of  
functional  groups  with  up  to  about  3  Å  accuracy.  DNA  origami  is  the  self-­‐‑assembly  of  
these  unique  (due  to  the  staple  sequences)  DNA-­‐‑based  building  blocks  into  large  2D  
arrays  or  3D  structures  via  the  biomolecular  recognition  between  complementary  bases.  
If  the  goal  is  to  build  a  2D  molecular  pegboard  with  functionalization  on  one  face  of  the  
origami,  then  each  location  showing  the  minimal  distance  between  periodic  functional  
locations  can  be  thought  of  as  the  “pixels”  of  this  board,  as  represented  by  the  yellow  
dots  in  the  center  of  each  cylinder  in  Figure  6.  These  pixels  are  3.5  and  2.6  nm  apart.  This  
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origami  design  is  said  to  be  fully-­‐‑addressable  since  the  base  sequence  defining  each  
pixel  is  completely  unique.  DNA  origami  has  the  exclusive  ability  to  organize  distinct  
functional  groups  (be  it  organic  or  inorganic  substances)  in  specific  orientations  and  
distances  from  each  other.  
  To  further  this  point,  it’s  important  to  describe  distinctions  between  DNA  
origami  self-­‐‑assembly  and  other  nanometer-­‐‑scaled  materials  to  highlight  the  usefulness  
of  DNA  origami  constructions.  One  example  of  nanometer-­‐‑scaled  materials  is  
nanoparticles,  which  have  been  given  strong  recognition  in  many  fields  due  to  ease  of  
synthesis,  reliable  functionalization,  interesting  optical  properties,  and  typical  
biocompatibility.  In  particular,  gold  nanoparticles  are  easily  functionalized  with  
multiple  copies  of  thiol-­‐‑modified  oligos  (Mirkin,  Letsinger  et  al.  1996),  which  are  used  to  
incorporate  nanoparticles  into  various  structures  (Simmel  2007),  biosensors  (Pei,  Zuo  et  
al.  2013),  and  drug  delivery  systems  (Rosi,  Giljohann  et  al.  2006).  Gold  nanoparticles  
have  even  been  organized  into  crystals  using  DNA  (Loweth,  Caldwell  et  al.  1999).  
However,  the  important  difference  that  needs  to  be  articulated  is  that  nanoparticles  
themselves  are  not  able  to  control  the  spacing  of  the  functional  groups  on  their  exterior.  
Additionally,  distinctive  functionalities  cannot  be  precisely  spaced  on  the  same  
nanoparticle.  Varying  experimental  parameters  can  control  the  concentration  of  
functional  groups  along  the  surface  of  a  nanoparticle,  but  nanoparticles  lack  the  control  
over  orientation  and  precise  spacing  that  DNA  self-­‐‑assembly  can  inherently  achieve.  
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Figure  6:  DNA  origami  construction  as  a  molecular-­‐‑scale  pegboard.  
2.2 Approach 
The  advent  of  origami  has  simplified  structure  formation  based  on  DNA  
(Tørring,  Voigt  et  al.  2011,  Gothelf  2012).  Even  novices  of  the  DNA  nanotechnology  field  
can  easily  design  two-­‐‑  or  three-­‐‑dimensional  objects  (Castro,  Kilchherr  et  al.  2011).  The  
practicality  of  this  method  makes  DNA  origami  readily  utilizable  for  applications  in  
many  fields  including  supramolecular  assembly,  biomedical  engineering,  and  
nanofabrication  (Hung,  Noh  et  al.  2010,  Shih  and  Lin  2010,  Li,  LaBean  et  al.  2011,  
McLaughlin,  Hamblin  et  al.  2011,  Smith,  Schüller  et  al.  2013,  Zhang,  Surwade  et  al.  2013).  
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Due  to  the  precise  organization  ability  of  DNA  origami  and  the  multitude  of  DNA  
functionalization  techniques,  origami  structures  can  be  designed  to  display  site-­‐‑
specifically  organized  inorganic  nanomaterials  (such  as  nanoparticles,  nanorods,  and  
nanowires)  and  organic  molecules  (such  as  proteins,  dyes,  aptamers,  and  antibodies)  
(Simmel  2007,  Teller  and  Willner  2010,  Samano,  Pilo-­‐‑Pais  et  al.  2011).  DNA  origami  has  
undergone  several  notable  design  advancements  since  its  introduction  including  1)  
three-­‐‑dimensional  constructions  (Andersen,  Dong  et  al.  2009,  Ke,  Bellot  et  al.  2012),  2)  
user-­‐‑friendly  design  software  (Andersen,  Dong  et  al.  2008,  Douglas,  Marblestone  et  al.  
2009,  Andersen  2010),  3)  rules  for  making  curved  structures  (Dietz,  Douglas  et  al.  2009,  
Han,  Pal  et  al.  2011),  4)  designs  to  enhance  structure-­‐‑structure  linking  (Endo,  Sugita  et  al.  
2010,  Woo  and  Rothemund  2011),  5)  scaffold  and  staple  routing  to  increase  formation  
yields  (Ke,  Bellot  et  al.  2012),  6)  annealing  protocols  for  rapid  formation  (Sobczak,  
Martin  et  al.  2012),  and  7)  attempted  increases  in  scale  (Ho ̈gberg,  Liedl  et  al.  2009,  Wei,  
Dai  et  al.  2012,  Yang,  Han  et  al.  2012,  Zhang,  Chao  et  al.  2012,  Marchi,  Saaem  et  al.  2013).  
However,  the  goal  of  the  field  is  to  generate  functional  materials  capable  of  being  
integrated  into  diverse  research  areas.  Keys  to  achieving  this  goal  are  overcoming  some  
of  the  current  limitations  in  the  field:  1)  limited  scale  (both  in  length  and  surface  area)  of  
origami  due  to  the  reliance  on  the  “small”  M13  scaffold,  2)  excessive  cost  for  production  
of  staple  strands,  and  3)  reliance  on  a  4-­‐‑letter  alphabet  for  structural  conformation.  
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2.3 Innovation 
To  overcome  the  current  limitations  in  the  field,  this  work  has  focused  on  
developing  functional  origami  designs  by  increasing  the  size  of  DNA  origami  structures  
while  maintaining  a  high  yield  of  formation,  along  with  making  origami  assembly  cost-­‐‑
effective  for  interdisciplinary  integration,  specifically  enhancing  research  capabilities  in  
the  fields  of  cell  biology  and  photonics.  We  have  designed  and  developed  origami  
structures  that  are  two  and  seven  times  the  size  of  the  conventional  single-­‐‑stranded  
M13-­‐‑based  origami.  In  collaboration  with  a  gene  synthesis  group,  we  have  used  chip-­‐‑
derived  pools  of  synthesized  oligos  that  properly  fold  origami  structures,  significantly  
decreasing  the  cost  of  origami  formation.  By  analyzing  non-­‐‑natural  nucleobases  in  DNA  
tiled  assemblies,  we  have  increased  the  alphabet  from  which  DNA  nanostructures  may  
be  formed,  expanding  conformational  possibilities.    
2.4 Expanding Capabilities & Engineering Applications  
2.4.1 Increasing Origami Size 
Increasing  the  fully-­‐‑addressable  surface  area  of  origami  structures  will  lead  to  
functional  materials  that  are  capable  of  organization  at  a  useable  scale  (e.g.,  building  a  
whole  circuit  instead  of  a  single  transistor).  The  maximum  scale  of  an  origami  structure  
is  directly  related  to  the  length  of  the  scaffold  strand.  As  noted  above,  the  simplicity  and  
high  yield  of  formation  has  been  attributed  to  the  single-­‐‑stranded  nature  of  the  scaffold.  
Biologically-­‐‑  or  synthetically-­‐‑derived  long,  single-­‐‑strands  of  DNA  are  difficult  to  obtain.  
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Even  more  challenging  is  finding  sequences  that  have  little  self-­‐‑complementarity  or  
sequence  repetition.  Gene  synthesis  technologies  have  advanced  DNA  synthesis,  even  
creating  mega-­‐‑base  genomes  for  a  self-­‐‑replicating  synthetic  bacterial  cell  (Gibson,  Glass  
et  al.  2010).  However,  these  synthetic  techniques  produce  double-­‐‑stranded  molecules  
that,  at  this  large  scale,  pose  problems  for  proper  origami  formation.  In  this  research,  we  
have  increased  the  scale  of  DNA  origami  in  two  ways:  1)  by  uniquely  folding  each  
strand  of  double-­‐‑stranded  M13,  the  surface  area  of  2D  origami  is  doubled;  and  2)  a  novel  
single-­‐‑stranded,  circular  lambda/M13  phage  hybrid  with  51,466-­‐‑nt  has  been  developed  
to  fold  2D  origami  structures  with  greater  than  seven  times  the  surface  area  of  
conventional  DNA  origami.  
2.4.2 Facilitating Development of Functional Origami Research 
Successfully  achieving  our  goal  of  increasing  the  size  and  complexity  of  DNA  
origami  brings  with  it  the  cost  burden  of  synthesizing  hundreds  of  single-­‐‑stranded  
oligos.  Though  it  carries  with  it  unparalleled  nanometer-­‐‑scale  patterning  abilities,  DNA  
origami  is  already  perceived  as  an  overly  complicated  method  for  self-­‐‑assembly  even  
though  molecular  assembly  is  proven  to  have  the  greatest  potential  for  precise  
positioning  at  the  nanometer  scale.  Excessive  costs  associated  with  DNA  origami  
assemblies  will  only  further  discourage  its  interdisciplinary  use.  We  sought  to  discover  
methods  for  staple  production  that  would  make  DNA  origami  research  more  affordable.  
Additionally,  by  introducing  non-­‐‑natural  nucleobases  into  DNA  nanostructure  designs,  
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we  increase  the  physico-­‐‑chemical  diversity,  showing  unique  structural  properties  that  
these  non-­‐‑natural  nucleobases  confer  to  the  nanostructure  they  are  integrated  into.  
2.4.3 Diversity of DNA Origami Applicability 
As  a  proof  of  principle  for  the  various  uses  of  origami,  we  have  designed  origami  
structures  to  be  utilized  in  two  fields:  1)  cell  biology  and  2)  photonics.  DNA  origami  
structures  have  been  designed  to  specifically  organize  and  control  the  local  pattern  of  T  
cell  receptor  ligands,  which  are  peptide-­‐‑major  histocompatibility  complex  (pMHC)  
molecules,  for  the  study  of  T  cell  activation  and  cell  signaling  mechanisms.  Using  the  
51,466-­‐‑nt  scaffold  that  we  developed,  many  of  the  advanced  structure  formation  
techniques  can  be  incorporated  into  a  much  larger,  three-­‐‑dimensional  origami  design.  
The  vertical  rod  design  presented  here  is  a  base-­‐‑and-­‐‑spike  structure  designed  to  self-­‐‑
organize  on  2D  substrates;  it  incorporates  a  24-­‐‑helix  bundle  that  displays  a  spiral  of  gold  
nanoparticles,  which  has  been  shown  to  have  distinct  and  tunable  optical  responses  in  
solution  (Kuzyk,  Schreiber  et  al.  2012).  Due  to  our  lengthened  scaffold  construct,  this  
design  includes  extra  scaffold  that  can  be  used  to  fold  into  a  base  to  display  the  spiral  
vertically,  or  it  may  be  used  to  orient  the  spirals  horizontally  with  assistance  from  other  
techniques  e.g.,  electrospun  fiber  orientation.  Each  of  the  above  project  aims  is  discussed  
in  detail  in  the  following  chapters.  
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3. Double-Stranded DNA Scaffolded Origami 
Although  structural  DNA  nanotechnology,  
and  especially  scaffolded  DNA  origami,  hold  
great  promise  for  bottom-­‐‑up  fabrication  of  novel  
nanoscale  materials  and  devices,  concerns  about  
scalability  have  tempered  widespread  enthusiasm.  
Here  we  report  a  single-­‐‑pot  reaction  where  both  
strands  of  double-­‐‑stranded  M13-­‐‑bacteriophage  
DNA  are  simultaneously  folded  into  two  distinct  
shapes  that  then  hetero-­‐‑dimerize  with  high  yield.  
The  fully  addressable,  two-­‐‑dimensional  hetero-­‐‑
dimer  DNA  origami,  with  twice  the  surface  area  of  
standard  M13  origami,  form  in  high  yield  (81%  of  
the  well-­‐‑formed  monomers  undergo  dimerization).  
As  the  scale  of  origami  increases,  so  does  the  number  of  staple  strands  needed  for  
folding.  To  accomplish  this  goal  while  maintaining  a  low  cost  for  assembly,  we  have  
collaborated  with  a  gene  synthesis  group  run  by  professor  Jingdong  Tian  (Assistant  
Professor  of  Biomedical  Engineering  at  Duke  University,  NC  -­‐‑  Figure  7).  Dr.  Ishtiaq  
Saaem  (Figure  8)  developed  a  unique  plastic  biochip  for  the  solid-­‐‑phase  synthesis  of  
DNA  (Saaem,  Ma  et  al.  2010a,  Saaem,  Ma  et  al.  2010b).  By  modifying  an  ink-­‐‑jet  printer  
Figure  7:  Professor  Jingdong  
Tian,  Duke  University.  
Figure  8:  Dr.  Ishtiaq  "ʺAli"ʺ  
Saaem,  Duke  University.  
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system,  phosphoramidites  are  delivered  to  hydrophilic  spots  on  the  biochip.  The  system  
was  originally  built  for  DNA  synthesis  towards  gene  synthesis,  but  we  modified  it  to  fit  
our  need  for  synthesis  of  pools  of  individual  oligos  for  DNA  origami  construction.  
Entire  sets  of  staple  strands  are  produced  by  a  unique,  nicking  strand-­‐‑displacement  
amplification  (nSDA)  involving  reusable  surface-­‐‑bound  template  strands  that  were  
synthesized  in  situ  using  a  custom  piezoelectric  inkjet  system.  The  combination  of  chip-­‐‑
based  staple  strand  production,  double-­‐‑sized  origami,  and  high-­‐‑yield  one-­‐‑pot  assembly  
markedly  increase  the  useful  scale  of  DNA  origami  (Marchi,  Saaem  et  al.  2013).    
3.1 Introduction 
DNA  nanotechnology  is  an  emerging  field  focused  on  engineering  self-­‐‑
assembled,  nanostructured  materials  from  nucleic  acid  building  blocks  and  using  these  
novel  materials  for  a  variety  of  applications  (Rinker,  Ke  et  al.  2008,  Lin  and  Yan  2009,  
Gu,  Chao  et  al.  2010,  Voigt,  Tørring  et  al.  2010,  Li,  LaBean  et  al.  2011).  Specifically,  the  
advent  of  scaffolded  DNA  origami  has  allowed  for  the  formation  of  complex  
nanostructures  with  uniquely  addressable  features  and  sub-­‐‑10  nm  resolution  
(Rothemund  2006,  Castro,  Kilchherr  et  al.  2011,  Pilo-­‐‑Pais,  Goldberg  et  al.  2011,  Pinheiro,  
Han  et  al.  2011,  Tørring,  Voigt  et  al.  2011).  The  one-­‐‑pot  origami  method  uses  numerous  
short  oligonucleotides  (staple  strands)  to  direct  folding  of  a  larger  template  (scaffold)  
DNA  strand.  The  length  of  the  scaffold  strand  limits  the  scale  and  ultimately  the  
addressable  surface  area  of  these  structures.  A  number  of  approaches  have  been  
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examined  for  expanding  the  available  surface  area  of  the  DNA  construct,  including  
multiple  use  of  identical  scaffolds  (Douglas,  Dietz  et  al.  2009),  substitution  of  DNA  tiles  
in  place  of  simple,  linear  staples  (Zhao,  Liu  et  al.  2011),  and  utilization  of  a  double-­‐‑
stranded  (dsDNA)  scaffold  (Ho ̈gberg,  Liedl  et  al.  2009).  These  previous  strategies  
suffered  several  limitations  including  low  assembly  yields  or  loss  of  unique  
addressability.  During  the  preparation  of  this  manuscript,  a  26  kilobase  origami  was  
reportedly  assembled  using  scaffold  strand  PCR  amplified  from  a  segment  of  the  
lambda  phage  genome,  however  both  the  scaffold  purity  and  the  assembly  yield  were  
quite  low,  leading  to  low  quality  origami  (Zhang,  Chao  et  al.  2012).  The  methods  
described  herein  successfully  overcome  all  of  these  previous  limitations,  while  
increasing  the  uniquely  addressable  space  with  81%  dimerization  yield  in  a  one-­‐‑pot  
assembly.  
In  order  to  maintain  unique  addressability,  an  increasing  number  of  distinct  
staple  strands  must  be  utilized  as  the  size  of  the  origami  increases.  Although  the  cost  of  
solid-­‐‑phase  chemical  synthesis  of  DNA  has  drastically  decreased  in  the  past  decade,  
excessive  cost  can  still  inhibit  the  design  and  construction  of  larger  scaffolded  DNA  
origami  structures  due  to  the  considerable  number  of  staple  strands  needed  (Carlson  
2009).  Exhaustive  studies  of  structure  formation  and  scaling  to  greater  complexity  could  
be  facilitated  using  low-­‐‑cost  DNA  chip  (Saaem,  Ma  et  al.  2010)  and  gene-­‐‑synthesis  
technology  (Tian,  Ma  et  al.  2009,  Kosuri,  Eroshenko  et  al.  2010)  to  generate  both  staple  
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and  scaffold  strands.  As  a  first  step  towards  such  a  goal,  we  demonstrate  that  both  
strands  of  a  biologically-­‐‑derived,  double-­‐‑stranded  M13  scaffold  can  be  simultaneously  
folded  by  chip-­‐‑derived  staple  strands  to  form  DNA  origami  nanostructures.  Double-­‐‑
stranded  DNA  scaffold  strands  were  dissociated  by  a  combination  of  thermal  and  
chemical-­‐‑denaturation  (Ho ̈gberg,  Liedl  et  al.  2009)  and  preferentially  re-­‐‑associated  with  
staples  encoding  two  unique  structures  (rectangles  and  triangles)  that  are  then  unified  
(into  “nano-­‐‑houses”)  in  a  one-­‐‑pot  reaction.  With  additional  incubation  for  12  hours  at  
35°C  after  the  initial  anneal,  over  80%  of  the  well-­‐‑formed  origami  monomers  coalesce  
into  the  intended  hetero-­‐‑dimer  final  structure  as  analyzed  by  AFM.  We  anticipate  that  
the  presented  strategy  will  enable  mass  production  of  even  larger  DNA  origami  designs  
at  high  yields.  
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Figure  9:  Schematic  for  forming  14  Kbp  DNA  origami  from  chip-­‐‑derived  
oligonucleotides.  Staple  complement  versions  of  the  desired  staples,  appended  with  a  
universal  25-­‐‑mer  linker/primer-­‐‑binding-­‐‑site,  were  synthesized  on-­‐‑chip.  During  the  in  
situ  amplification,  a  DNA  polymerase  (Bst-­‐‑Large  fragment,  shown  in  green)  extends  
and  displaces  the  preceding  strand  while  a  nicking  endonuclease  (Nt.BstNBI,  shown  
in  blue)  separates  the  staple  from  the  universal  primer  (in  red)  and  generates  new  3’-­‐‑
ends  for  the  next  round  of  extension.  After  amplification,  the  staple  set  was  collected  
and  annealed  with  the  scaffold  to  form  DNA  origami.  The  two  strands  of  the  double-­‐‑
stranded  M13  scaffold  were  folded  to  create  two  distinct  structures  that  were  then  
brought  together  during  an  extended  incubation  to  form  the  double-­‐‑sized,  hetero-­‐‑
dimer  origami  structure.  
3.2 Results 
By  synthesizing  oligos  directly  on  chip  substrates  and  pooling  them,  DNA  
origami  production  cost  will  not  increase  with  the  increasing  scale.  Our  collaboration  
with  a  gene  synthesis  group  allows  us  to  utilize  their  innovative  DNA  synthesis  
instrument  and  techniques  for  the  advancement  of  DNA  origami.  Staple  strands  were  
generated  from  surface-­‐‑bound  oligonucleotides  on  DNA  chips  and  used  to  anneal  
double-­‐‑stranded  scaffold  as  shown  in  Figure  9.  Initially,  the  staple  complements  
appended  with  a  universal  25-­‐‑mer  linker  were  synthesized  by  phosphoramidite  
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chemistry  using  an  inkjet  DNA  synthesizer  (Lausted,  Dahl  et  al.  2004,  Saaem,  Ma  et  al.  
2009,  Saaem,  Ma  et  al.  2010,  Quan,  Saaem  et  al.  2011)  on  thermoplastic  microarray  slides  
functionalized  with  deposited  silica  thin  films  (Tian,  Ma  et  al.  2009,  Saaem,  Ma  et  al.  
2010).  Subsequently,  nicking-­‐‑strand  displacement  amplification  (nSDA)  was  performed  
on-­‐‑chip  using  a  nicking  endonuclease  (nickase)  and  a  strand-­‐‑displacing  thermophilic  
DNA  polymerase  (see  3.5  Methods)  to  linearly  amplify  and  generate  the  requisite  staple  
set.  
In  this  report,  amplified  product  was  pooled,  purified  using  either  phenol  
chloroform  extraction  or  an  enzyme  removal  resin  (Kosuri,  Eroshenko  et  al.  2010)  to  
remove  proteins  and  excess  nucleotides,  and  used  for  annealing  with  a  biologically-­‐‑
derived,  dsDNA  M13  scaffold  that  had  been  linearized  via  restriction  enzyme  digestion.  
The  scaffold  was  folded  to  form  only  rectangles,  only  triangles,  rectangles  and  triangles  
simultaneously,  or  a  ‘nano-­‐‑house’  structure  by  interconnecting  a  rectangle  and  a  triangle  
via  protruding  staple  strands  on  one  origami  edge  (helical  side,  as  opposed  to  helix  
ends)  that  bind  the  scaffold  strand  of  the  opposite  structure,  forming  hetero-­‐‑dimers.  For  
the  formation  of  the  nano-­‐‑house,  an  extended  incubation  period  (in  the  same  microfuge  
tube,  without  adding  any  new  reagents)  boosted  yield  appreciably.  A  schematic  of  the  
process  by  which  staple  strands  are  produced  and  used  to  form  the  nano-­‐‑house  
structures  is  depicted  in  Figure  9  and  example  AFM  images  of  origami  structures  
formed  with  different  staple  pools  are  shown  in  Figure  10.      
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Figure  10:  Formation  of  DNA  origami  structures  using  a  double-­‐‑stranded  
scaffold  employing  a  formamide  annealing  process.  Individual,  single  monomers  
(Panels  A  and  B)  or  two  simultaneous,  discrete  monomers  (Panel  C)  can  be  formed  
using  either  a  solitary  staple  set  or  two  combined  sets,  respectively,  in  the  90-­‐‑min  
anneal  process.  Using  a  combined  staple  set  that  contained  modified  connector  
staples,  triangular  and  rectangular  structures  were  simultaneously  formed  and  joined  
to  form  a  hetero-­‐‑dimer  structure  (Panel  D).  
3.3 Discussion 
The  staple  sets  synthesized  for  this  report  spanned  from  13-­‐‑mers  to  48-­‐‑mers  and  
were  synthesized  on  a  chip  containing  3,456  discrete  features,  allowing  for  384  unique  
sequences  with  a  9-­‐‑feature  redundancy.  Previously,  a  similar  chip  has  been  shown  to  
allow  synthesis  of  85-­‐‑mer  oligonucleotides  at  a  cost  of  <$30/chip  (Quan,  Saaem  et  al.  
2011).  Considering  a  staple  oligo  to  be  an  average  length  of  40  bases,  approximately  
15,360  polymerized  bases  are  yielded  from  a  chip.  The  total  cost  of  oligo  synthesis  per  
chip,  including  phosphoramidites,  other  synthesis  chemicals,  organic  solvents,  gases,  
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and  the  cyclic  olefin  copolymer  (COC)  chip,  is  still  under  $30.  Therefore,  the  estimated  
cost  of  chip-­‐‑oligonucleotide  synthesis  would  be  less  than  $30/15,360  bases  =  
$0.00195/base  of  final  synthesized  sequences.  Additional  cost  after  oligo  microarray  
synthesis  comes  from  enzymatic  reactions  for  oligo  amplification  (nSDA).  The  total  
reaction  volume  on  a  chip  containing  8  subarrays  is  50  µμl  x  8  =  400  µμl.  The  estimated  cost  
of  all  reagents  needed  for  nSDA,  including  enzymes,  dNTPs,  and  buffers,  is  
approximately  $20  per  chip.  Therefore,  the  estimated  total  cost  of  staple  synthesis  would  
be  less  than  $(30+20)/15,360  bases  =  $0.00326/base  of  final  synthesized  strands.  Sourcing  
oligonucleotides  from  chips  represents  the  cheapest  alternative  to  bulk-­‐‑synthesis  
provided  by  commercial  entities  such  as  IDT  (Devor  and  Behlke  2005).  As  highlighted  
by  Borovkov  et  al,  commercial  sources  for  chip-­‐‑derived  oligonucleotides  are  available,  
and  whose  material  is  cheaper  by  greater  than  two  orders  of  magnitude  (Borovkov,  
Loskutov  et  al.  2010).  In  our  work,  we  utilized  a  9-­‐‑feature  redundancy  instead  of  
maximizing  unique  species  in  order  to  ensure  representative  yield  of  all  384  sequences.  
However,  without  deep  next-­‐‑generation  sequencing,  single  species  yield  statistics  are  
difficult  to  glean  based  solely  on  origami  formation.  
To  ascertain  amplification  rates  on-­‐‑chip  via  nSDA,  a  control  73-­‐‑mer  sequence  (see  
3.5  Methods)  was  synthesized  on  100,  75  or  50  array  features  on  a  chip  subarray.  During  
the  amplification  reaction,  DNA  polymerase  (Bst  large  fragment)  generated  the  intended  
staple  strand  from  its  synthesized,  complementary  template  by  extending  a  primer  and  
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simultaneously  displacing  the  previously  synthesized  strand.  Concurrently,  a  nicking  
endonuclease  (Nt.BstNBI)  cleaved  the  newly  synthesized  oligo  and  separated  the  
intended  staple  strand  from  the  universal  primer,  thus  generating  new  3′-­‐‑ends  for  
extension.  After  amplification,  a  48-­‐‑mer  sequence  was  released  and  subsequently  
quantified  by  gel  analysis  as  presented  in  Figure  11.  Based  on  our  previous  analysis  of  
material  release  from  each  array  feature  (Saaem,  Ma  et  al.  2010),  it  was  calculated  that  
approximately  4  ng,  3  ng  and  2  ng  of  template  (from  100,  75  or  50  array  features  
respectively)  was  present  on-­‐‑chip,  yielding  a  four-­‐‑fold  amplification  via  nSDA.  To  gauge  
the  life  span  of  a  chip,  we  carried  out  ten  sequential  amplification  reactions  on  a  chip  
bearing  templates  for  the  triangle  origami  staple  strand  set.  Product  strands  from  each  
amplification  reaction  were  successful  in  folding  single-­‐‑strand  scaffold  into  the  expected  
object,  thus  demonstrating  that  the  synthesized,  on-­‐‑chip  DNA  libraries  can  be  stored  in  a  
freezer  and  then  repeatedly  recalled  for  use  as  template  for  staple  strand  production.  
Recently,  Joneja  et  al.,  Tan  el  al.,  and  Kucera  et  al.  reported  a  strand  displacement  
amplification  (SDA)  initiated  by  a  nickase  similar  to  the  reaction  described  here  (Kucera  
2007,  Tan,  Erwin  et  al.  2008,  Joneja  and  Huang  2011).  Their  experiments,  carried  out  in  
solution,  produced  a  ten-­‐‑fold  higher  amplification  yield,  indicating  that  our  on-­‐‑chip  
amplification  step  may  be  limited  by  surface  interactions,  mass  transport  issues  near  the  
surface,  and  possibly  by  inhibition  due  to  non-­‐‑specific  adsorption.  Additionally,  the  
nSDA  system  could  utilize  different  initiating  primers  instead  of  a  universal  priming  
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sequence.  Such  a  modification  would  allow  for  release  off  of  a  designated  chip  region  
and  the  corresponding  subset  staple  pool.  When  designing  different  initiation  primers,  
appropriate  nickase  binding  regions  must  be  included  and  the  sequence  should  be  of  the  
highest  orthogonality  possible,  given  the  staple  pool  design.  Both  the  above  represent  
areas  for  further  optimization  and  future  work  that  could  increase  the  yield  of  chip-­‐‑
based  oligonucleotide  from  single  subarrays  enabling  sufficient  yields  after  a  single  
round  of  amplification  rather  than  requiring  multiple  rounds  of  amplification  and  
pooling  from  multiple  subarrays,  as  was  done  in  this  study.  It  would  also  allow  for  
selective  amplification  of  only  the  necessary  strands  for  a  particular  assembly.        
  
Figure  11:  Assessment  of  in  situ  amplification  in  releasing  amplified  product.  
The  reaction,  a  nicking  strand  displacement  amplification  (nSDA)  process  driven  by  a  
nickase  and  polymerase,  was  assessed  using  varying  amounts  of  starting  DNA  that  
serve  as  the  amplification  template  (where  the  template  is  the  reverse  complement  of  
the  desired  sequence).  Data  was  gathered  by  running  incubation  product  on  
polyacrylamide  gels  followed  by  image  analysis  to  determine  target  band  
fluorescence  in  comparison  to  a  known  low  mass  DNA  ladder.  Each  data  point  
represents  the  mean  of  three  trials  where  the  error-­‐‑bars  represent  standard  deviation.  
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Additional  analysis  to  quantify  the  staple  strand  sets  was  performed  via  UV  
absorption  spectroscopy  (Thermo  Scientific  NanoDrop  2000  spectrophotometer).  Control  
sample  pools  of  triangle  and  rectangle  staple  strands  were  created  by  stoichiometrically  
mixing  individual  staple  strands  purchased  from  Integrated  DNA  Technologies  (IDT).  
The  concentrations  of  the  individual  strands  were  given  by  IDT  and  assumed  true.  
These  mixtures  were  then  measured  on  the  spectrophotometer  at  varying  concentrations  
to  create  standard  curves.  The  individual  triangle  and  rectangle  control  pools  were  
mixed  1:1  and  this  mixture’s  absorbance  at  260  nm  (A260)  was  measured  on  the  
spectrophotometer  at  various  dilutions,  creating  a  ‘nano-­‐‑house’  standard  curve.  The  A260  
of  each  chip-­‐‑derived  staple  set  was  measured  on  the  spectrophotometer  at  different  
dilutions.  These  A260  measurements  were  then  correlated  to  the  appropriate  standard  
curve  to  determine  the  amplified  pools’  concentrations.  It  is  important  to  recognize  that  
this  analysis  is  an  estimation  because  of  amplification  byproducts  that  effect  the  
absorbance.  It  is  likely  that  this  analysis  would  produce  an  overestimation  in  
concentration  since  the  byproducts  would  give  higher  absorbance  values,  suggesting  a  
higher  concentration  of  useable  staple  strands  than  is  truly  available  in  the  pools.  
Pools  of  oligos  harvested  from  the  chip  were  designed  to  fold  either  the  M13  
single-­‐‑stranded  phage  or  both  strands  of  the  double-­‐‑stranded  M13  phagemid  into  
nanostructures  resembling  the  tall  rectangle  or  sharp  triangle  from  Rothemund’s  
original  DNA  origami  paper  (Rothemund  2006).  The  M13  double-­‐‑stranded  scaffold  was  
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cut  at  a  single  restriction  site  by  the  restriction  endonuclease  EcoRI.  Each  strand  from  the  
scaffold  was  folded  into  either  a  rectangle  or  triangle  using  a  staple  strand  pool  
composed  of  hundreds  of  unique  sequences  (see  Appendix  A).  As  strictly  thermal  
anneals  were  not  sufficient  for  DNA  origami  formation  on  the  double-­‐‑stranded  scaffold,  
we  employed  a  chemical  denaturant  based  annealing  strategy  originally  reported  for  
isothermal  origami  formation  with  single-­‐‑stranded  DNA  scaffold  by  Jungmann  et.  al.  
and  further  used  for  double-­‐‑stranded  scaffold  assembly  by  Högberg  et.  al  (Jungmann,  
Liedl  et  al.  2008,  Ho ̈gberg,  Liedl  et  al.  2009).  Formamide,  a  small  molecule  that  interferes  
with  hydrogen  bonding  between  base  pairs,  was  used  as  a  chemical  denaturant  to  assist  
in  separation  of  the  two  long,  complementary  scaffold  strands  and  to  control  base  pair  
formation  between  scaffold  and  staple  strands.  The  optimal  annealing  protocol  included  
heating  the  components  to  80  °C  in  40%  formamide  for  10  minutes  followed  by  a  quick  
cooling  step  to  room  temperature,  which  was  necessary  to  avoid  scaffold-­‐‑scaffold  
interactions  and  tangling.  Then,  the  samples  were  dialyzed  to  0%  formamide  in  six,  10-­‐‑
minute  steps.  The  thermal  and  chemical  contributions  to  denaturation  are  combined  to  
estimate  an  “effective  temperature”  of  the  reaction  since  formamide  lowers  the  actual  
melting  temperature  of  double-­‐‑stranded  DNA  by  ~0.64  °C  for  each  1%  formamide  
present  (McConaughy,  Laird  et  al.  1969,  Blake  and  Delcourt  1996,  Liedl  and  Simmel  
2007).  Gel  electrophoresis  studies  demonstrated  that  our  chosen  thermo-­‐‑chemical  
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annealing  conditions  (80  °C  with  40%  formamide)  provided  optimal  origami  formation  
(see  Figure  12).    
  
Figure  12:  (A)  Annealing  strategies  showing  the  effective  temperature  
(combination  of  thermal  and  chemical  energies)  achieved  using  formamide.  
Nomenclature:  a/b,  where  “a”  is  Formamide  %  (40%  or  55%)  and  “b”  is  denaturing  
temperature  (°C).  (B)  1%  agarose  gel  run  at  70V  for  2  hours.  Upper  bands  are  
consistent  with  the  mobility  of  cut  double-­‐‑stranded  scaffold  (as  shown  in  lane  3,  
dsM13).  Lanes  4-­‐‑5  show  rectangle  and  triangle  origami  assembled  from  the  single-­‐‑
stranded  M13  scaffold,  ssR  and  ssT,  respectively.  Lanes  6-­‐‑9  show  rectangle  and  
triangle  origami  assembled  from  the  double-­‐‑stranded  M13  scaffold.  Lane  6  shows  
lower  bands  with  mobilities  of  rectangle  and  triangle  DNA  origami.  
AFM  imaging  further  demonstrated  the  assembly  of  both  sharp  triangles  and  tall  
rectangles  using  the  double-­‐‑stranded  M13  scaffold  as  shown  in  Figure  10.  When  the  
staple  pool  encoded  a  single  structure,  the  expected  origami  shapes  were  observed  (see  
Figure  10  A-­‐‑B).  In  Figure  10  C,  where  the  staple  pool  contained  both  sets  of  staple  
strands,  triangle  and  rectangle  origami  can  be  observed  as  separate  monomers.  Since  we  
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desired  larger  origami  structures  with  the  same  specific  addressability  and  pixel  
resolution,  we  modified  the  staple  sequences  of  the  triangle  and  rectangle  staple  strands  
to  include  strands  that  bridge  between  the  scaffold  strands  and  attach  the  two  structures  
to  one  another.  This  resulted  in  the  formation  of  a  hetero-­‐‑dimeric  nano-­‐‑house  structure  
from  a  one-­‐‑pot  reaction  (see  Figure  10  D).  
Reannealing  of  the  long  complementary  M13  scaffold  strands  is  favored  
thermodynamically  over  formation  of  the  origami  structures  via  staple-­‐‑scaffold  binding,  
and  it  had  been  thought  that  both,  a  denaturant  annealing  strategy  and  a  10-­‐‑fold  molar  
excess  of  staple  strands  (i.e.,  where  the  staple  to  scaffold  ratio  is  10:1)  are  key  for  origami  
formation  from  double-­‐‑stranded  scaffold  (Ho ̈gberg,  Liedl  et  al.  2009).  To  further  
investigate  this  process,  we  varied  the  amount  of  staple  strands  by  using  either  10-­‐‑fold  
or  2.5-­‐‑fold  molar  excess  or  an  equimolar  mixture  of  staple  strands  versus  scaffold  strand  
during  thermal/formamide  anneals.  We  recognize  that  measurements  of  scaffold  and  
staple  strand  concentrations  are  subject  to  differing  sources  of  experimental  error,  and  
therefore  the  molar  ratios  stated  here  should  be  viewed  as  best  estimates.  Upon  AFM  
imaging,  we  were  able  to  observe  a  large  population  of  representative  structures  for  the  
10-­‐‑fold  and  2.5-­‐‑fold  conditions  with  both  single-­‐‑stranded  and  double-­‐‑stranded  scaffold  
thermal  and  formamide  anneals  (see  columns  one  and  two  of  Figure  10).  Similar  to  
Rothemund’s  original  observations  (Rothemund  2006),  thermal  anneals  of  single-­‐‑
stranded  scaffold  with  approximately  equimolar  mixtures  of  staple  strands  did  not  
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produce  high-­‐‑quality  structures.  However,  formamide  anneals  folding  one  or  both  of  the  
scaffold  strands  from  double-­‐‑stranded  M13  with  approximately  equimolar  staple  sets  
did  produce  a  small  population  of  well-­‐‑formed  structures.  These  results  show  that  
consideration  of  an  appropriate  annealing  strategy  (chemical  and  thermal)  is  necessary  
for  efficient  assembly  of  intact  nanostructures  when  staple  sets  and  scaffold  strands  
increase  in  complexity.  In  forming  the  nano-­‐‑house  structure,  we  used  an  approximately  
equimolar  amount  of  linker  strands  connecting  the  rectangle  and  triangle  to  the  scaffold  
strands  forming  the  structures.  If  the  normal  formamide  anneal  procedure  was  followed,  
the  yield  of  interconnected  two-­‐‑part  nanostructure  was  fairly  low.  As  shown  in  Figure  
15:  Row  1,  although  representative  nano-­‐‑houses  are  observed,  the  majority  of  the  
structures  are  disconnected  rectangular  and  triangular  monomers.  We  reasoned  that  the  
linking  staples  would  have  an  increased  probability  of  binding  to  both  scaffolds  of  the  
triangle  and  rectangle  structures  given  a  longer  incubation  time.  Therefore,  we  
incubated  the  product  of  the  initial  formamide  assembly  for  12  hours  at  varying  
temperatures  and  examined  structure  formation.  After  the  initial  formamide  anneal,  a  
sample  was  split  between  tubes,  each  undergoing  an  additional  12-­‐‑hr  incubation  step  at  
temperatures  ranging  from  30  °C  to  50  °C.  Yields  were  calculated  by  counting  structures  
as  seen  on  AFM  images.  Although,  single-­‐‑stranded  material  does  not  stick  to  mica  as  
well  as  double-­‐‑stranded  material,  given  the  high  excess  of  staples,  we  assume  that  all  
scaffold  strands  have  portions  that  are  folded  into  double-­‐‑stranded  material.  If  the  
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scaffold  is  not  folded  well  into  an  origami  structure,  it  would  still  be  visible  by  AFM  as  a  
poorly-­‐‑formed  structure.  Thus,  AFM  imaging  as  a  method  for  yield  calculations  will  
give  an  accurate  assessment  of  how  much  scaffold  has  folded  into  each  type  of  structure.  
The  structures  visualized  on  the  mica  were  organized  into  well-­‐‑  and  poorly-­‐‑formed  
rectangular  and  triangular  monomers  that  are  dimerized  or  non-­‐‑dimerized.  This  
categorization  produces  8  groups:  well-­‐‑formed  rectangular  monomers,  well-­‐‑formed  
triangular  monomers,  poorly-­‐‑formed  rectangular  monomers,  poorly-­‐‑formed  triangular  
monomers,  rectangular  monomers  in  well-­‐‑formed  nano-­‐‑houses,  triangular  monomers  in  
well-­‐‑formed  nano-­‐‑houses,  rectangular  monomers  in  poorly-­‐‑formed  nano-­‐‑houses,  and  
triangular  monomers  in  poorly-­‐‑formed  nano-­‐‑houses.  Figure  13  is  an  example  of  how  
images  were  assessed.  The  calculated  percent  yields  were  based  on  monomer  formation  
and  their  dimerization  (connection  between  two  monomeric  structures).  Well-­‐‑formed  
monomer  yields  were  calculated  by  dividing  the  number  of  well-­‐‑formed  monomers  by  
the  total  number  of  well  and  poorly-­‐‑formed  monomeric  structures  as  seen  on  AFM  
(Equation  1-­‐‑1).  Dimerization  was  calculated  by  dividing  the  number  of  well-­‐‑formed  
monomers  connected  to  another  monomer  by  the  total  number  of  well  and  poorly-­‐‑
formed  monomeric  structures  as  seen  on  AFM  (Equation  1-­‐‑2).  Table  1  shows  the  
distribution  of  yields  across  the  different  incubation  steps.  
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Table  1:  Summary  of  AFM  structure  counts  and  yield  calculations.  
Superscripts  are  detailed  in  Figure  13.  
Incubation  
Temperature:  
No  
Incub  
30  °C   32.5  °C   35  °C   37  °C   40  °C   42.5  °C   45  °C   47.5  °C   50  °C  
Well-­‐‑Formed  
Rectangular  
Monomersa  
343   205   80   50   78   61   74   49   5   0  
Well-­‐‑Formed  
Triangular  
Monomersb  
419   208   62   57   96   74   74   61   34   0  
Poorly-­‐‑Formed  
Rectangular  
Monomersc  
43   34   33   21   19   19   40   46   40   0  
Poorly-­‐‑Formed  
Triangular  
Monomersd  
49   34   40   30   26   39   59   89   73   0  
Rectangular  
Monomers  in  
Well-­‐‑Formed  
Nano-­‐‑housese  
58   433   318   450   292   322   287   256   0   0  
Triangular  
Monomers  in  
Well-­‐‑Formed  
Nano-­‐‑housesf  
58   433   318   450   292   322   287   256   0   0  
Rectangular  
Monomers  in  
Poorly-­‐‑Formed  
Nano-­‐‑housesg  
11   29   46   30   23   40   50   54   4   0  
Triangular  
Monomers  in  
Poorly-­‐‑Formed  
Nano-­‐‑housesh  
8   64   72   42   43   59   62   73   7   0  
Total  Monomer  
Count  
1008   1533   1087   1202   935   1035   1045   1011   174   0  
%  Non-­‐‑
Dimerized  
Well-­‐‑Formed  
Monomers  
76%   27%   13%   9%   19%   13%   14%   11%   22%   0%  
%  Dimerized  
Well-­‐‑Formed  
Monomers  
13%   63%   69%   81%   70%   72%   66%   63%   6%   0%  
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Equation  1:  Equations  used  to  calculate  monomer  and  dimer  yields.  
1) % Non-Dimerized Well-Formed Monomers = Well-Formed Rectangular and Triangular Monomers Not in Dimers
Total Monomer Count
2) % Dimerized Well-Formed Monomers = Well-Formed Rectangular and Triangular Monomers in Dimers
Total Monomer Count  
 
 
Figure  13:  Example  AFM  image  showing  structure  counts  corresponding  to  
superscripts  in  Table  1.  a)  The  red  boxes  highlight  fully  formed  rectangles.  b)  The  
blue  triangles  highlight  fully  formed  triangles.  c  &  d)  The  red  and  blue  "ʺX"ʺ'ʹs  denote  
poorly  formed  rectangles  and  triangles,  respectively.  e  &  f)  The  purple  boxes  
highlight  fully  formed  nano-­‐‑houses.  g  &  h)  The  red  and  blue  “H”’s  denote  nano-­‐‑
houses  formed  with  poorly  formed  rectangles  and  triangles,  respectively.  The  scale  
bar  represents  500nm.  
  42  
The  highest  yield  of  well-­‐‑formed  monomers  observed  to  undergo  dimerization  
was  81%  at  35  °C,  and,  for  anneals  with  observable  structure  formation,  the  lowest  
dimerization  yield  was  achieved  for  the  anneal  with  the  extended  incubation  at  47.5  °C  
(see  Figure  16  and  Table  1).  Our  dimerization  yield  is  slightly  lower  than  the  91%  rate  of  
monomer  conversion  into  dimers  from  previous  studies  by  Woo  et  al.  where  monomeric  
structures,  formed  in  separate  tubes  by  folding  single-­‐‑stranded  M13,  were  then  mixed  
and  dimerized  based  on  helical  stacking  and  shape  matching,  rather  than  by  sticky  end  
or  staple  bridging  between  shapes  (Woo  and  Rothemund  2011).  In  contrast,  here  we  
folded  two  distinct  sequences  and  formed  two  distinct  shapes  in  a  one-­‐‑pot  assembly  
method.  In  further  comparison  to  previous  studies  that  show  dimerization  of  structures  
formed  from  the  single-­‐‑stranded  M13  (Andersen,  Dong  et  al.  2008,  Rajendran,  Endo  et  
al.  2011),  the  staple  sets  of  our  individual  monomers  differ  completely  because  of  the  
different  scaffold  sequence  being  folded.  This  eliminates  the  necessity  for  separate  
monomer  formation,  staple  filtration,  and  sample  mixing  during  the  assembly  process.  
Interestingly,  all  structures  disintegrated  when  the  extended  incubation  
temperature  was  increased  by  15  °C.  Although  the  lowest  melting  temperature  of  the  
designed  staple  strands  was  greater  than  50  °C  as  predicted  by  Mfold  (Zuker  2003),  
extended  incubation  at  50  °C  destabilized  the  thermodynamic  balance  of  origami  
formation.  This  seemingly  contradicts  a  previous  report  by  Liu  et  al.  where  two  
individually-­‐‑formed  origami  structures  were  brought  together  to  form  2-­‐‑dimensional  
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arrays  with  an  optimal  temperature  of  53  °C.  Liu  et  al.  also  showed  intact  origami  
structures  that  underwent  incubations  at  65  °C  (Liu,  Zhong  et  al.  2011).  However,  the  
lower  assembly  temperature  observed  for  our  system  is  likely  due  to  differences  
between  the  constructs  (Liu  et  al.  used  larger  lattices  and  monomer  interfaces  involving  
helix  stacking),  as  well  as  competition  in  our  system  between  origami  formation  via  
staple-­‐‑scaffold  binding  versus  rehybridization  of  the  double-­‐‑stranded  scaffold.  
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Figure  14:  Comparison,  by  AFM  imaging,  of  origami  formation  employing  a  
formamide  anneal  with  double-­‐‑stranded  scaffold  or  a  thermal  anneal  with  single-­‐‑
stranded  scaffold  while  decreasing  the  concentration  of  staple  strands  relative  to  
scaffold  strands.  Using  decreasing  amounts  of  the  origami  staple  sets  (10x,  2.5x,  1x  
relative  to  the  double-­‐‑stranded  scaffold)  and  employing  a  formamide  assisted  anneal,  
some  discernable  structures  were  seen  even  at  1x  staple  concentration  (top  and  bottom  
rows).  However,  upon  thermal  annealing  with  the  single-­‐‑stranded  scaffold  (middle  
row),  indeterminate  structures  were  seen  at  1x  staple  concentration  (Panel  F).  Scale  
bars  are  1  µμm.  
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Figure  15:  Formation  of  nano-­‐‑house  DNA  origami  structures  with  improved  
yields  using  an  extended  post-­‐‑assembly  anneal.  The  population  of  well-­‐‑formed  
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structures  increased  when,  following  initial  assembly  (Row  1),  the  sample  was  further  
incubated  for  12  hours  at  30  °C  (Row  2).  The  highest  yield  of  the  desired  structure  was  
achieved  at  35  °C  (Row  3).  A  low  yield  was  observed  where  the  component  structures  
disintegrated  after  incubation  at  50  °C  (Row  4).  AFM  images  are  5  µμm,  3  µμm,  and  1.5  
µμm  square  as  indicated  on  each  panel.  
  
Figure  16:  Formation  yields  quantified  by  counting  structures  in  AFM  images.  
The  blue  bars  represent  the  yield  of  non-­‐‑dimerized,  well-­‐‑formed  monomers  (count  of  
well-­‐‑formed  monomers  not  in  dimers,  divided  by  the  total  count  of  all  monomers  
observed,  whether  dimerized  or  not).  The  dimerization  yield  (red  bars)  is  the  
proportion  of  well-­‐‑formed  monomers  observed  to  participate  in  dimers.  
3.4 Conclusions 
In  conclusion,  we  have  demonstrated  a  number  of  interesting  advancements  for  
DNA  origami.  First,  templates  for  amplification  that  are  complementary  to  desired  
staple  strands  can  be  synthesized  in  situ  on  a  DNA  chip  and  subsequently  used  
repeatedly  in  nSDA  reactions  to  produce  staple  sets  directly  on  the  chip  surface.  Second,  
such  staple  pools  can  be  used  to  fold  both  strands  of  a  double-­‐‑stranded  DNA  phagemid  
into  two  distinct  nanometer-­‐‑scale  objects  or  into  an  interconnected  two-­‐‑part  structure  
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that  is  still  uniquely  addressable.  Finally,  the  combination  of  chip-­‐‑derived  staple  strands  
and  double-­‐‑stranded  scaffold  presented  here  is  an  important  step  toward  the  production  
of  larger  origami  projects  (e.g.,  requiring  thousands  of  staple  strands)  and  exhaustive  
studies  of  structure  formation  that  have  thus  far  been  difficult  because  of  the  prohibitive  
cost  of  oligo  synthesis.  The  use  of  DNA  nanostructures  for  the  organization  of  inorganic  
nano-­‐‑materials  holds  great  promise  for  the  bottom-­‐‑up  fabrication  of  functional  electronic  
and  photonic  devices  (Samano,  Pilo-­‐‑Pais  et  al.  2011).  Additionally,  the  advent  of  gene  
synthesis  from  chips  could  enable  the  synthesis  of  a  completely  artificial  scaffold  for  use  
in  DNA  nanotechnology  applications.  In  this  report,  we  were  able  to  form  distinct  
structures  using  pools  of  unique,  chip-­‐‑derived  staple  strands  to  fold  scaffold  strands  in  a  
denaturant  assisted  one-­‐‑pot  anneal.  Furthermore,  an  extended  incubation  step  was  
added  to  the  original  anneal  strategy  to  increase  the  yield  of  interconnected  structures;  
this  should  be  generalizable  to  larger  multi-­‐‑part  objects.  The  strategies  presented  here  
provide  further  pathways  to  increasing  the  scope  of  DNA  nanotechnology.  
3.5 Methods 
Reagents.  The  following  materials  and  methods  involving  the  inkjet  printer  and  
oligonucleotide  synthesis  have  been  reported  previously  and  are  briefly  restated  here  for  
completeness  (Saaem,  Ma  et  al.  2010).  Nucleoside  phosphoramidites  (Pac-­‐‑dA-­‐‑CE,  Ac-­‐‑
dC-­‐‑CE,  iPr-­‐‑Pac-­‐‑dG-­‐‑CE  and  dT-­‐‑CE),  5-­‐‑ethylthio-­‐‑1H-­‐‑tetrazole,  Cap  Mix  A  (5%  
Phenoxyacetic  anhydride  in  THF),  and  oxidizer  (0.02  M  iodine  in  
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pyridine/tetrahydrofuran/water)  were  purchased  from  Glen  Research  (Sterling,  VA).  
Phosphoramidites  and  5-­‐‑ethylthio-­‐‑1H-­‐‑tetrazole  were  dissolved  at  0.25  and  0.625  M,  
respectively,  in  a  mixture  of  50%  3-­‐‑methoxypropionitrile  and  50%  glutaronitrile  (Sigma,  
St.  Louis,  MO).  The  solvents  were  dried  for  2  days  on  molecular  sieves  before  use.  
Synthesis-­‐‑grade  anhydrous  acetonitrile,  Cap  Mix  B  (n-­‐‑methylimidazole  in  THF)  and  
deblocking  solution  (dichloroacetic  acid  in  DCM)  were  purchased  from  Azco  Biotech  
(San  Diego,  CA).  Purified  M13  double-­‐‑stranded  plasmid  and  single-­‐‑stranded  phage  was  
purchased  from  Bayou  Biolabs  (Metairie,  LA).  All  other  chemicals  were  purchased  either  
from  Sigma-­‐‑Aldrich  or  VWR.  Enzymes  were  from  New  England  Biolabs.  
Staple  Complement  Synthesis.  Complementary  versions  of  the  required  staple  
strands  were  synthesized  atop  cyclic  olefin  copolymer  (COC)  slides  deposited  with  silica  
thin-­‐‑film  spots.  In  brief,  prior  to  silica  deposition,  an  array  of  microwells  with  bare  COC  
bottom  was  created  in  a  layer  of  photoresist,  which  was  spin-­‐‑coated  on  the  COC  slide  
surface  using  standard  photolithographic  techniques.  Deposition  of  silica  within  the  
microwells  was  then  performed  as  described  elsewhere  (Tian,  Ma  et  al.  2009,  Kosuri,  
Eroshenko  et  al.  2010).  After  deposition,  the  remaining  photoresist  was  stripped  by  
sonication  in  acetone.  All  patterned  samples  were  immersed  into  a  1:1  H2SO4:H2O2  
solution  for  15  min  to  remove  resist  residue  and  finally  rinsed  with  deionized  water  and  
blown  dry.  In  the  current  design,  COC  slides  were  prepatterned  to  form  8  subarrays  of  
silica  spots  150  µμm  in  diameter  and  300  µμm  in  interfeature  spacing  (center  to  center).  
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Each  subarray  contained  432  spots,  and  multiple  spots  were  used  to  synthesize  one  oligo  
sequence.  Complementary  versions  of  staple  strands  were  appended  with  a  25-­‐‑base  
adaptor  at  the  3′ end,  which  provided  a  nicking  site  and  anchored  the  oligo  to  the  chip  
surface.  All  oligo  sequences  used  in  this  study  are  listed  in  Appendix  A.  In  situ  synthesis  
of  DNA  microarrays  utilized  standard  phosphoramidite  chemistry  with  a  custom-­‐‑built  
piezoelectric  inkjet  platform.    A  1:1  mixture  of  methyl  glutaronitrile  (MGN)  and  3-­‐‑
methoxypropionitrile  (3MP)  was  used  as  solvent  instead  of  volatile  acetonitrile.  Four  
channels  on  the  printhead  delivered  phosphoramidite  monomers  (A,  T,  G,  and  C)  and  
one  delivered  an  activator  (ethylthiotetrazole).  Bulk  reagents  (i.e.,  oxidizer,  deprotection  
acid,  acetonitrile,  Cap  A,  Cap  B)  and  waste  were  stored  in  glass  bottles  with  GL-­‐‑45  
screw-­‐‑top  caps.  Bulk  reagents  were  controlled  using  PTFE  solenoid  valves  leading  to  
delivery  lines  colocated  near  the  printhead  (or  to  the  slide  holder  for  the  waste  line).  
Approximately  0.5  mL  of  each  bulk  reagent  was  added  at  a  time,  which  was  enough  to  
cover  the  slide  surface.  An  optical  system  was  also  colocated  near  the  printhead,  which  
captured  high  contrast  images  of  printed  droplets  using  a  CCD  detector  and  collimated  
LED  light,  enabling  alignment  of  the  printhead  with  a  slide’s  silica  features.  
  Each  cycle  of  synthesis  included  (1)  printing,  (2)  washing,  (3)  capping,  (4)  
washing,  (5)  oxidation,  (6)  washing,  (7)  detritylation,  and  (8)  displacement  of  
detritylation  reagent  using  oxidizer  and  washing  with  acetonitrile.  Slides  were  blown  
dry  after  each  step  except  printing  by  a  six-­‐‑jet  nitrogen  manifold  controlled  by  a  
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solenoid  valve.  The  first  step  of  the  reaction  consisted  of  phosphoramidite  monomer  
printing  followed  by  tetrazole  printing,  and  incubation  for  2  min.  The  first  base  was  
reprinted  4  times  with  a  1-­‐‑hr  incubation  each  time.  Oxidization  and  capping  were  
carried  out  for  30  s,  whereas  detritylation  lasted  10  s.  Washing  after  detritylation  was  
done  for  4  s  but  for  only  2  s  after  every  other  step.  After  synthesis,  the  COC  slides  were  
removed  from  the  synthesis  platform  and  rinsed  with  acetonitrile  and  then  95%  ethanol.  
The  base-­‐‑protecting  groups  were  removed  by  a  2-­‐‑hr  incubation  in  EDA/EtOH  
(anhydrous,  1:1  v/v)  at  room  temperature.  The  deprotected  slides  were  rinsed  five  times  
with  deionized  water,  dried,  and  stored  in  a  desiccator.  
Nicking-­‐‑strand  displacement  amplification  (nSDA)  for  on-­‐‑chip  staple  
amplification  and  purification.  Printed  COC  slides  were  blocked  using  Pluronic  F108  
prior  to  amplification  (Saaem,  Papasotiropoulos  et  al.  2007,  Luk,  Mo  et  al.  2008).  The  
chambers  on  the  printed  COC  slides  were  filled  with  the  nSDA  reaction  cocktail  
containing  0.4  mM  dNTP,  0.2  mg/ml  BSA,  Nt.BstNBI,  and  Bst  large  fragment  in  
optimized  Thermopol  II  buffer  supplemented  with  T4  Gene  32  protein.  The  slides  with  
sealed  chambers  were  placed  on  the  slide  adaptor  of  a  Mastercycler  Gradient  
thermocycler  (Eppendorf)  to  carry  out  the  nSDA  reactions.  Each  amplification  reaction  
involved  incubation  at  50  °C  for  2  hr  after  which  the  reaction  was  removed  from  the  chip  
and  denatured  by  heating  at  80  °C  for  20  min.  
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After  the  nSDA  reaction,  the  amplified  product  from  multiple  chambers  was  
pooled  and  the  DNA  was  then  purified  from  proteinaceous  material  using  the  
QuickClean  Enzyme  Removal  Resin  (Clontech)  or  by  phenol-­‐‑chloroform  extraction,  
followed  by  ethanol  precipitation,  drying  in  a  speed  vacuum  centrifuge  (Eppendorf)  and  
re-­‐‑suspension  in  sterile  Milli-­‐‑Q  water.  
For  the  assessment  of  nSDA,  amplified  product  from  a  subarray  containing  a  100,  
75  or  50  microarrays  (that  presents  approximately  4  ng,  3  ng  and  2  ng  of  template  DNA  
respectively,  according  to  our  previous  surface  density  calculations  (Saaem,  2010  #341))  
synthesized  with  the  sequence  5’-­‐‑  
CGGTACCCGGGGATCCTCCAAATCGAAGGGATTTCGGAATTGTGGCGGGCATGA
CTCGACCATCCGATTTTTT-­‐‑3’  was  run  on  a  15%  TBE-­‐‑Urea  polyacrylamide  gel.  
Incubation  times  of  the  nSDA  were  also  varied  from  5  min  to  4  hr.  Gels  were  run  with  a  
low-­‐‑weight  mass  estimation  DNA  ladder  (Invitrogen).  Fluorescent  gel  bands  (from  
SYBR  Gold  staining)  were  then  analyzed  by  AlphaImage  software  to  yield  estimates  of  
amplified  DNA.  
Formation  of  DNA  Origami.  For  the  formation  of  tall  rectangle,  sharp  triangle,  
and  nano-­‐‑house  DNA  origami  nanostructures,  M13  single-­‐‑stranded  phage  or  M13  
double-­‐‑stranded  plasmid  and  the  appropriate  synthesized  staple  strands  (for  the  tall  
rectangle,  sharp  triangle,  or  nano-­‐‑house)  were  mixed  together  with  a  (1  to  10)-­‐‑fold  molar  
excess  of  staples.  The  concentrations  of  the  scaffold  strands  as  stated  by  the  
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manufacturer  (Bayou  Biolabs)  were  used  directly.  The  concentrations  of  the  staple  
strand  pools  were  determined  as  discussed  in  3.3  Discussion.  Anneals  were  performed  
at  5  nM  concentration  of  scaffold  in  1  ×  TAE/Mg2+  buffer  (40  mM  Tris-­‐‑HCl  (pH  8.0),  20  
mM  acetic  acid,  2  mM  EDTA,  and  12.5  mM  magnesium  acetate)  with  the  designated  
percentage  of  formamide  and  heated  to  the  designated  initial  temperature.  Samples  
were  quickly  dropped  to  25  °C  and  placed  into  3.5K  MWCO  Slide-­‐‑A-­‐‑Lyzer  MINI  
Dialysis  Units  (Pierce  Protein  Research  Products)  and  dialyzed  at  10  minute  steps  in  
buffered  dialysant  with  the  following  formamide  percentages:  33,  26,  20,  14,  7,  and  0%.  
The  additional  12-­‐‑hr  incubation  step  to  increase  nano-­‐‑house  formation  yield  was  
performed  in  a  thermocycler  at  30,  32.5,  35,  37,  40,  42.5,  45,  47.5,  and  50  °C.  The  samples  
were  incubated  at  4  °C  for  at  least  2  hr  before  AFM  imaging.  
AFM  Imaging  of  DNA  Origami.  Five  microliters  of  DNA  origami  sample  was  
deposited  on  freshly  cleaved  mica,  followed  by  a  3-­‐‑minute  wait  before  addition  of  60  µL  
of  1  ×  TAE/Mg2+  buffer  for  tapping  mode  AFM  analysis.  AFM  images  were  obtained  on  a  
Digital  Instruments  Nanoscope  IIIa  with  a  multimode  head  by  tapping  mode  under  
buffer  using  DNP-­‐‑10  or  DNP-­‐‑S10  silicone  nitride  tips  (Veeco  Inc.).  
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4. 51,466-nt Single-Stranded λ/M13 Scaffold 
Structural  DNA  nanotechnology,  and  specifically  scaffolded  DNA  origami,  is  
rapidly  developing  as  a  versatile  method  for  bottom-­‐‑up  fabrication  of  novel  nanometer-­‐‑
scale  materials  and  devices.  However,  the  scale  of  these  uniquely  addressable  structures  
is  limited  by  the  length  of  their  single-­‐‑stranded  
scaffold,  conventionally  the  7,249-­‐‑nucleotide  
circular  genomic  DNA  from  the  M13mp18  phage.  
By  collaborating  with  professor  Stanley  Brown  
(Professor  of  Cell  Biology  at  the  University  of  
Copenhagen,  Denmark  -­‐‑  Figure  17),  we  have  
developed  a  scaffold  using  a  lambda/M13  hybrid  
virus  to  produce  a  51,466-­‐‑nucleotide  DNA  in  a  single-­‐‑stranded  form.  Sets of (~1,600) 
staple strands used to fold the larger scaffold were synthesized by an inkjet process on a chip 
embossed with functionalized micro-pillars designed and produced by our collaborator Dr. Ishtiaq 
Saaem (see Figure  8). These  micro-­‐‑pillars,  made  from  cyclic  olefin  copolymer  (the  same  
material  used  for  chip-­‐‑derived  staples  as  described  in  Chapter  3  (Marchi,  Saaem  et  al.  
2013)),  were  grafted  with  polymerized  2-Hydroxyethy methacrylate  (polyHEMA)  using  
activators  regenerated  by  electron  transfer  atom  transfer  radical  polymerization  (ARGET  
ATRP).  Staples  were  synthesized  on  grafted  substrates  and  then  cleaved  and  amplified  
off  of  the  surface.  Additionally,  we  examined  the  overall  shape  and  mechanical  
Figure  17:  Professor  Stanley  
Brown'ʹs  prized  possession,  
University  of  Copenhagen.  
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properties  of  the  structure  when  developing  effective  designs  at  this  scale.  We  designed  
structures  by  over  twisting  and  under  twisting  the  DNA  helix  by  altering  the  number  of  
base  pairs  between  helical  crossovers,  ultimately  altering  the  intrinsic  curvature  of  the  
overall  structures.  The  computational  resource  CanDo  predicts  the  expected  3D  solution  
shapes,  which  were  compared  to  the  behaviors  of  origami  with  the  various  designs  as  
imaged  by  atomic  force  microscopy.  The  details  behind  scaffold  production,  origami  
design,  structure  formation,  and  analysis  are  discussed  below,  while  the  novel  staple  
synthesis  details  are  described  briefly,  but  more  detail  can  be  found  in  our  collaborative  
publication  (Marchi  2014).  
4.1 Introduction 
The  ultimate  goal  of  nanofabrication  is  to  build  functional  nanometer-­‐‑scale  
materials  from  the  smallest  elements  of  matter.  Large-­‐‑scale  atomic  organization  is  more  
practically  realized  through  bottom-­‐‑up  fabrication  approaches,  as  top-­‐‑down  
methodologies  require  large,  expensive  lithographic  equipment  capable  of  high  
resolutions  but  only  over  rather  modest  surface  areas.  Biological  systems  have  inspired  
molecular  self-­‐‑assembly  techniques  through  nature’s  ability  to  harness  chemical  forces  
that  specifically  position  atoms  for  intricate  assemblies  (Whitesides  and  Grzybowski  
2002).  Of  the  biomolecules  used  to  mimic  nature’s  abilities,  nucleic  acids  have  gained  
special  attention.  In  particular,  deoxyribonucleic  acid  is  a  stable  molecule  with  a  readily  
accessible  code  and  predictable  intermolecular  interactions.  These  properties  are  
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exploited  in  the  revolutionary  structural  DNA  nanotechnology  method  known  as  
scaffolded  DNA  origami  (Rothemund  2006).  Oligonucleotide  strands  are  programmed  
to  fold  a  long,  single-­‐‑stranded  viral  DNA  isolated  from  M13  into  discrete  shapes  with  
full  addressability.  Origami  structures  provide  functional  and  addressable  surfaces  for  
the  specific  arrangement  of  inorganic  and  organic  materials  with  single-­‐‑digit  nanometer-­‐‑
scale  precision  (Sharma,  Chhabra  et  al.  2008,  Kuzyk,  Laitinen  et  al.  2009,  Bui,  Onodera  et  
al.  2010,  Gu,  Chao  et  al.  2010,  Helmig,  Rotaru  et  al.  2010,  Maune,  Han  et  al.  2010,  
Stephanopoulos,  Liu  et  al.  2010,  Pilo-­‐‑Pais,  Goldberg  et  al.  2011,  Stein,  Schüller  et  al.  2011,  
Acuna,  Bucher  et  al.  2012,  Lin,  Jungmann  et  al.  2012).  
An  objective  of  the  DNA  nanotechnology  community  is  increasing  the  available  
surface  area  or  mass  of  origami.  Methods  to  scale  up  origami  include  connecting  
structures  (Endo,  Sugita  et  al.  2010,  Zhao,  Yan  et  al.  2010,  Endo,  Sugita  et  al.  2011,  
Rajendran,  Endo  et  al.  2011,  Woo  and  Rothemund  2011,  Rajendran,  Endo  et  al.  2012),  
using  a  double-­‐‑stranded  M13  DNA  (7,249-­‐‑nt)  scaffold  (Ho ̈gberg,  Liedl  et  al.  2009,  Yang,  
Han  et  al.  2012,  Marchi,  Saaem  et  al.  2013),  and  synthesizing  a  larger  single-­‐‑stranded  
scaffold  via  PCR  (Zhang,  Chao  et  al.  2012).  These  techniques  suffer  from  complicated  
multi-­‐‑pot  anneals,  difficult  double-­‐‑strand  separation,  and  poor  yields,  respectively.  
Here,  we  report  the  formation  of  a  large  origami  structure  assembled  in  one  tube  by  
folding  a  51,466  nucleotide-­‐‑long  single-­‐‑strand  of  DNA  derived  from  lambda/M13  hybrid  
phage.  
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The  growing  scale  of  origami  structures  requires  an  increase  in  the  number  of  
staple  strands  used  to  fold  the  scaffold.  While  prices  of  synthesized  oligonucleotides  
have  decreased  significantly  over  the  past  several  years,  DNA  origami  requires  a  very  
large  number  of  unique  strands.  Folding  our  51K-­‐‑nt  notched  rectangle  origami  requires  
over  1,600  distinct  DNA  staple  strands  each  around  32  bases  long,  which  is  over  51,200  
synthesized  bases.  Custom  synthesized  DNA  oligos  cost  $0.35  per  base  at  a  25-­‐‑nmole  
synthesis  scale  with  the  lowest  level  of  purification  applied  (Devor  and  Behlke  2005).  For  
1,600  staples,  individual  synthesis  costs  $7,168  for  the  staples  necessary  for  1  nmole  of  
annealed  sample.  This  exorbitant  cost  inhibits  the  growth  of  the  origami  field.  To  combat  
this  obstructive  cost,  we  have  collaborated  with  a  gene  synthesis  group  to  adopt  
methods  for  printing  thousands  of  DNA  strands  on  a  single  chip.  Our  large  structures  
are  annealed  with  pools  of  chip-­‐‑derived  staples  that  are  less  than  $0.001/bp  (Quan,  
Saaem  et  al.  2011)  and  significantly  reduce  the  cost  of  origami  production.  
Well-­‐‑formed  origami  structures  are  achieved  by  thermal  annealing  in  high  yield  
as  observed  via  atomic  force  microscopy  (AFM)  imaging.  The  simple  notched  rectangle  
shape  was  designed  for  two  purposes:  its  asymmetry  is  sufficient  to  decipher  by  AFM  
imaging  which  side  of  the  origami  is  facing  up  when  absorbing  to  a  mica  surface  and  
this  shape  may  distinctly  absorb  to  lithographically  patterned  surfaces  (Kershner,  
Bozano  et  al.  2009).  By  manipulating  the  DNA  helical  twist,  structures  can  exhibit  global  
curvature  and  twisting  (Dietz,  Douglas  et  al.  2009).  We  take  advantage  of  this  by  
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designing  three  different  notched  rectangle  origami  designs  with  three  different  staple  
strand  sets.  Notched  rectangles  were  designed  by  varying  the  number  of  base  pairs  
between  crossovers  such  that  they  are  either  flat  or  have  global  curvature  in  solution.  
We  hypothesize  that  notched  rectangles  with  different  curvatures  will  land  on  charged  
surfaces  with  a  bias  towards  landing  on  the  face  that  presents  the  most  charged  surface  
area  when  approaching  the  surface  (i.e.,  the  convex  face).  Our  three  designs  allow  us  to  
demonstrate  this  bias  by  analyzing  the  asymmetric  structures  by  AFM.  Similarly  shaped  
notched  rectangles  are  annealed  with  a  single-­‐‑stranded  M13  scaffold  for  size  
comparison.    
4.2 Results 
Scaffolded  DNA  origami  utilizes  numerous  short  oligos  (staple  strands)  to  direct  
folding  of  a  larger  scaffold  strand  of  DNA,  which  limits  the  scale  and  ultimately  the  
surface  area.  Conventional  DNA  origami  are  formed  by  folding  the  naturally  single-­‐‑
stranded  7,249-­‐‑nucleotide-­‐‑long  circular  genomic  DNA  from  the  M13mp18  virus  
(Rothemund  2006).  Folding  this  scaffold  by  thermal  annealing  strategies  produces  two-­‐‑
dimensional  structures  that  are  about  100  nm  squares.  To  increase  the  scale  of  DNA  
origami  structures  while  maintaining  a  high  yield  of  formation,  a  larger  single-­‐‑stranded  
DNA  scaffold  needs  to  be  prepared.  
The  51,466-­‐‑nucleotide  scaffold  strand  is  produced  via  multiple  biological  
infections  (see  Figure  18).  Initially,  M13  viral  DNA  (pBluescript  KS(-­‐‑),  Strategene)  is  
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cloned  into  double-­‐‑stranded  λ  DNA  at  the  XbaI  restriction  endonuclease  site  (both  λ  and  
pBluescript  KS  (-­‐‑)  contain  exactly  one  XbaI  cutting  site).  This  λ/M13  hybrid  phage  
(λS3069)  is  integrated  into  the  genome  of  Escherichia  coli  strain  S3136.  This  cell  line  is  
lysed  at  42°C  for  recovery  of  λS3069  double-­‐‑stranded  phage.  A  second  cell  line,  
Escherichia  coli  strain  S3113,  is  infected  with  the  recovered  λS3069.  The  bacterial  genome  
of  E.  coli  strain  S3113  carries  a  gene  for  a  temperature-­‐‑sensitive  λ  repressor,  which  
represses  the  production  of  double-­‐‑stranded  λ  phage  when  kept  below  42°C.  Instead,  
the  pBluescript  origin  of  replication  determines  the  packaging  of  the  λ  /M13  hybrid  
phage  into  single-­‐‑stranded  form  at  30°C.  The  collected  phage  are  purified  by  PEG  
precipitation,  phenol:chloroform  extraction,  CsCl  gradient  centrifugation  (separates  ds  
from  ss  DNA),  and  isolated  via  ethanol  precipitation.  
  
Figure  18:  Schematic  for  production  of  single-­‐‑stranded  λ/M13  hybrid  phage.  
Phosphoramidite  chemistry  is  used  for  DNA  staple  set  synthesis  with  the  
reagents  being  delivered  to  a  chip  substrate.  All  staple  sequences  were  appended  with  a  
universal  primer  pair,  with  one  primer  encoding  an  AarI  restriction  enzyme  site.  
Complementary  versions  of  these  sequences  were  further  appended  with  a  25-­‐‑base  
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adaptor  at  the  3’  end,  which  provided  a  nicking  site  and  anchored  the  oligo  to  the  chip  
surface.  Utilizing  polyHEMA  grafted  surfaces  and  staple  amplification  and  release,  we  
are  able  to  yield  greater  than  a  microgram  of  DNA  material  in  stark  comparison  to  the  
nominal  4x  amplification  described  previously  (Quan,  Saaem  et  al.  2011).  The  
development  of  new  origami  designs  is  limited  by  the  high  costs  of  synthesizing  
hundreds  of  oligos.  Improving  methods  for  high-­‐‑throughput  synthesis  of  specific  
mixtures  of  high-­‐‑quality  oligos  allows  for  more  ambitious  studies  of  the  formation  of  
DNA-­‐‑based  nanostructured  materials.  
DNA  origami  structures  are  constructed  through  staple  strands  that  bind  to  
different  parts  of  the  scaffold  strand  creating  repetitive  crossover  constructions.  The  
number  of  base  pairs  between  each  crossover  determines  the  position  in  space  of  
neighboring  DNA  helices.  Conventional  two-­‐‑dimensional  DNA  origami  structures  are  
comprised  of  neighboring  helices  held  together  by  crossovers  that  are  32  base  pairs  
apart.  The  intention  was  to  produce  a  planar  structure,  32  base  pairs  every  third  turn  of  
the  DNA  helix.  However,  this  pattern  requires  that  the  helical  twist  of  a  DNA  molecule  
be  10.67  base  pairs  per  turn.  Recent  structural  analysis  by  small-­‐‑angle  x-­‐‑ray  scattering  
interference  shows  solution  conformations  of  double-­‐‑stranded  B-­‐‑DNA  with  1.5  base  
pairs  per  helical  turn  (Mathew-­‐‑Fenn,  Das  et  al.  2008).  Forcing  repetitive  crossovers  every  
32  base  pairs  under-­‐‑twists  the  DNA  helices  as  compared  to  its  native  conformation.  To  
compensate  for  this  under-­‐‑winding,  the  global  origami  structure  is  intrinsically  curved.  
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We  can  control  which  face  of  the  origami  is  convex  or  concave  by  varying  the  number  of  
base  pairs  between  crossovers,  i.e.,  32  base  pairs  between  crossovers  assumes  10.67  base  
pairs  per  turn,  producing  a  curved  origami  where  side  A  is  on  the  concave  side  versus  
31  base  pairs  between  crossovers  assumes  10.33  base  pairs  per  turn,  producing  a  curved  
origami  where  side  A  is  on  the  convex  side.  Additionally,  alternating  between  32  and  31  
base  pairs  between  crossovers  creates  a  relatively  flat  origami  by  balancing  the  over-­‐‑  and  
under-­‐‑twisted  helices,  corresponding  to  the  natural  10.5  base  pairs  per  turn.    
Notched  rectangle  origami  with  three  varied  pitches  (10.33,  10.50,  and  10.67  base  
pairs  per  turn)  were  designed  using  CaDNAno  software  (Douglas,  Marblestone  et  al.  
2009).  The  complimentary  modeling  program,  CanDo,  is  a  finite-­‐‑element  analysis-­‐‑based  
program  that  predicts  solution  conformation  of  origami  structures  based  on  mechanical  
properties  of  DNA  and  design  criteria  of  the  object  (Kim,  Kilchherr  et  al.  2012).  CanDo  
was  implemented  to  estimate  the  solution  conformation  and  conformational  flexibility.  
Images  of  the  CanDo  output  predicting  solution  curvature  of  all  notched  rectangle  
designs  are  found  in  Figure  22.  The  solution  predictions  show  notched  rectangles  that  
curve  about  the  helix  axes.    
Traditional  thermal  anneals  of  two-­‐‑dimensional  origami  from  M13  scaffold  are  
performed  by  mixing  M13  with  a  molar  excess  of  staples  in  the  presence  of  buffer  and  
magnesium  ions.  This  mixture  is  then  heated  to  temperatures  up  to  95  °C,  held  for  up  to  
10  minutes,  and  cooled  to  20  °C  in  as  quickly  as  an  hour.  The  51.4-­‐‑kilobase  single-­‐‑
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stranded  lambda/M13  hybrid  DNA  scaffold  is  more  sensitive  to  shearing  than  the  
single-­‐‑stranded  M13  phage.  Heating  the  51K-­‐‑nt  scaffold  to  high  temperatures  leads  to  
degradation.  Instead,  large  notched  rectangle  origami  was  annealed  at  65  °C  for  3  min  
and  cooled  to  20  °C  over  8  hours.  Sample  AFM  images  of  each  design  are  shown  in  
Figure  19.  Care  was  taken  when  pipetting  the  scaffold  and  formed  origami  structures  by  
using  large-­‐‑bore  pipette  tips  to  minimize  shear  forces.  Similarly  shaped  notched  
rectangle  origami  are  designed  and  annealed  using  the  7,249-­‐‑nt  single-­‐‑stranded  M13  
scaffold  strand.  AFM  images  of  a  mixture  of  the  similar  notched  rectangles  designed  to  
have  an  average  10.67  base  pairs  per  turn  are  shown  in  Figure  20  to  illustrate  the  
difference  in  scale.  
  
Figure  19:  AFM  images  of  the  three  designed  51K-­‐‑nt  notched  rectangles  with  
varying  average  number  of  base  pairs  per  helical  turn  (bppt).  Scale  bars  are  1  µμm.  
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Figure  20:  AFM  image  of  a  mixture  of  M13  and  51K-­‐‑nt  notched  rectangles  with  
10.50  average  base  pairs  per  turn  (bppt).  Scale  bar  is  1  µμm.  Inset  is  1  µμm  square.  
4.3 Discussion 
The  length  of  the  DNA  scaffold  strand  directly  determines  the  functional  size  of  
DNA  scaffolded  origami  structures.  Folding  a  single-­‐‑stranded  scaffold  is  less  
challenging  than  a  double-­‐‑stranded  scaffold  since  there  is  not  competition  between  long  
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complementary  strands,  thus  chemical  denaturing  agents  are  not  necessary.  
Additionally,  it  is  possible  to  produce  larger  origami  structures  from  a  larger  scaffold  in  
a  single  pot  reaction,  while  linking  of  origami  building  blocks  requires  multi-­‐‑pot  anneals  
and  mixing.  Our  colleagues  have  attempted  to  fold  double-­‐‑stranded  DNA  from  the  λ  
bacteriophage  (48,502-­‐‑nt)  into  a  DNA  origami  structure.  The  yields  of  structure  
formation  are  incredibly  low,  which  they  attribute  to  the  long,  self-­‐‑complementary  
sequence  of  the  double-­‐‑stranded  scaffold.  Since  the  length  of  the  scaffold  limits  the  yield  
of  well-­‐‑formed  origami  structures  formed  from  a  double-­‐‑stranded  scaffold,  the  next  
logical  approach  is  to  look  into  increasing  the  length  of  the  single-­‐‑stranded  scaffold  
strand.  As  mentioned  above,  one  methodology  to  produce  single-­‐‑stranded  DNA  is  via  
long-­‐‑range  PCR  amplification  for  the  production  of  a  26K-­‐‑nt  single-­‐‑stranded  DNA  
fragment,  which  is  folded  into  a  rectangle  origami  using  800  staple  strands  (Zhang,  
Chao  et  al.  2012).  However,  rectangle  formation  was  only  15%.  The  authors  state  reasons  
for  this  low  yield  including  1)  possible  single-­‐‑stranded  DNA  fragmentation,  2)  un-­‐‑
optimized  annealing  conditions,  and  3)  tip  perturbation  during  AFM  scanning.  In  
parallel,  our  lab  and  collaborator  (Stanley  Brown,  Copenhagen  University)  sought  to  
develop  a  single-­‐‑stranded  scaffold  biologically.    
We  have  designed  a  51K-­‐‑nt  DNA  origami  structure  composed  of  1,604  unique  
staple  strands  and  a  biologically  derived  single-­‐‑stranded  scaffold  strand,  51,466-­‐‑nt  
λ/M13  phage  hybrid.  The  initial  design  of  this  51K-­‐‑nt  origami  is  an  asymmetric  notched  
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rectangle  (51K-­‐‑NR).  After  attempting  thermal  and  chemically-­‐‑enhanced  anneals  (as  
performed  for  the  nano-­‐‑house  structure),  we  found  that  the  highest  yield  of  51K-­‐‑NRs  
was  produced  with  a  quick,  low  temperature  anneal  (65°C  for  3  min,  cooled  to  20°C  at  a  
rate  of  1°C/min).  We  reason  that  this  lower  temperature  is  necessary  due  to  the  
sensitivity  to  shearing  of  the  large  single-­‐‑stranded  scaffold.  We  also  pipette  with  large-­‐‑
bore  pipette  tips  and  avoid  any  vortexing.  Our  assembly  yield  is  significantly  higher  
than  the  PCR-­‐‑produced  scaffolded  origami,  with  stable  structures  easily  visualized  by  
AFM.  Furthermore,  gel  electrophoresis  of  our  lambda/M13  hybrid  has  distinct  bands  at  
the  correct  size  with  little  smearing  (see  Figure  21).  Thus,  we  presume  that  our  scaffold  
is  more  stable  and  has  a  more  reliable  sequence  than  that  assembled  by  PCR.  Our  51.4k  
origami  has  7  times  the  surface  area  of  origami  made  from  the  traditional  single-­‐‑
stranded  M13  scaffold  (see  Figure  19).  This  self-­‐‑assembling,  biomolecular  construct  
exhibits  complex  behavior  while  exceeding  the  scale  of  a  ribosome  by  14  times.  
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Figure  21:  The  51K-­‐‑nt  λ /M13  hybrid  scaffold  on  a  0.8%  agarose  gel  in  TAE  
buffer  stained  with  ethidium  bromide.  Lane  1  is  a  ladder  for  size  reference.  Lane  2  
shows  that  the  scaffold  is  digested  by  the  nuclease  S1,  a  nuclease  that  specifically  
digests  single-­‐‑stranded  DNA,  proving  that  the  prepared  scaffold  is  in  the  single-­‐‑
stranded  form.  
Few  biological  systems  produce  large,  single-­‐‑stranded  DNA  naturally.  
Recombinant  DNA  technologies  have  expanded  due  to  the  progression  of  genetic  
engineering.  Polymerase  chain  reaction  and  molecular  cloning  are  two  widely  used  
methods  for  direct  replication  of  DNA  sequences.  In  collaboration,  professor  Stanley  
Brown,  developed  the  λ/M13  single-­‐‑stranded  DNA  by  combining  molecular  cloning  
with  phagemid  techniques.  M13  is  a  single-­‐‑stranded  DNA  bacteriophage.  Since  large  
derivatives  of  M13  are  unstable  during  extensive  propagation,  we  sought  to  reduce  the  
number  of  generations  our  large  M13  was  propagated  as  an  M13  phage.  We  prepared  a  
hybrid  phage  bearing  components  from  both  phages  λ  and  M13.  This  hybrid  phage  
could  be  propagated  either  as  phage  λ  or  phage  M13.  The  form  produced  by  the  hybrid  
phage  was  determined  by  infecting  one  of  two  host  bacteria.  Thus,  single-­‐‑stranded  
phage  could  be  produced  where  only  the  last  few  generations  were  propagated  as  M13.  
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The  hybrid  phage,  λS3069,  bears  all  of  phage  λ.  The  M13  component  was  
introduced  from  the  phagemid,  pBluescript  KS(-­‐‑)  (Strategene).  The  phage  also  bears  the  
cI857  allele  encoding  a  thermolabile  λ  repressor.  Since  λS3069  bears  the  origin  of  
replication  from  pBluescript,  the  plasmid-­‐‑derived  origin  was  conditionally  inactivated  
to  efficiently  produce  the  hybrid  phage  in  its  λ  form.  λS3069  was  produced  by  
temperature  induction  of  lysogens  of  the  polA  strain,  HO480  (see  strain  list  in  methods  
section).  The  released  phage  were  also  titered  on  HO480.  
To  convert  λS3069  to  its  M13  form,  a  second  strain  was  infected  with  λS3069.  
This  second  strain,  S3113  (see  strain  list  in  methods  section),  allows  production  of  
λS3069  in  its  M13  form  while  interfering  with  production  of  its  λ  form.  Production  of  the  
λ  form  is  inhibited  by  the  resident  prophage  in  S3113,  which  encodes  wild-­‐‑type  λ  
repressor.  The  plasmid  in  S3113,  pSB4423,  bears  all  the  protein-­‐‑coding  genes  of  M13  but  
lacks  the  signals  for  M13  ssDNA  replication  and  packaging.  Since  λS3069  bears  the  
signals  for  M13  ssDNA  replication  and  packaging,  the  products  encoded  by  pSB4423  
produce  and  release  λS3069  in  its  M13  form.  The  origin  of  replication  on  pSB4423  is  from  
a  different  incompatibility  group  (Chang  and  Cohen  1978)  than  pBluescript  allowing  
plasmid-­‐‑derived  replication  of  repressed  λS3069.  
We  considered  the  many  potential  complications  we  might  face  when  designing  
and  annealing  our  large,  two-­‐‑dimensional  origami.  The  first  consideration  was  
determining  the  solution  conformation  of  our  finalized  design.  As  previously  deduced  
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by  many  labs,  the  two-­‐‑dimensional  origami  structures  designed  on  a  flat  plane  reveal  
global  curvature  in  solution  as  observed  by  AFM  and  TEM  analysis  stemming  from  the  
torque  imposed  by  the  staple  crossover  positions.  Conventional  origami  that  is  designed  
to  be  planar,  staple  strands  crossover  into  neighboring  helices  every  32  base  pairs.  To  
create  a  planar  structure,  the  assumption  is  that  32  base  pairs  is  equivalent  to  a  full  three  
turns  of  the  DNA  helix,  or  10.67  bases  per  full  turn  of  helix.  Twist  measurements  of  
double-­‐‑helical  B-­‐‑DNA  in  solution  are  closer  to  10.5  bases  per  turn  (Mathew-­‐‑Fenn,  Das  et  
al.  2008).  Consequently,  when  oligos  are  constrained  to  the  conventional  planar  origami  
design,  their  helices  are  slightly  under-­‐‑wound.  To  compensate  for  this  tension,  global  
curvature  is  conferred  to  the  overall  origami  structure.  Using  the  traditional  planar  
origami  design  with  an  average  10.67  base  pairs  per  turn  might  accentuate  the  global  
curvature  of  our  much  larger  51K-­‐‑nt  origami,  which  we  speculated  could  oppose  
structure  formation  or  lead  to  rolled  up  structures.  In  an  effort  to  counteract  this  global  
curvature,  we  designed  an  origami  with  staple  crossovers  that  alternate  between  every  
32  bases  and  31  bases,  leading  to  an  overall  average  of  10.5  base  pairs  per  turn.  The  
corresponding  over-­‐‑wound  analog  was  also  designed  with  crossovers  every  31  bases,  
leading  to  an  average  of  10.33  base  pairs  per  turn.  Prior  to  attempting  to  assemble  these  
designs,  we  wanted  to  model  their  approximate  solution  structures.  
With  the  rising  interest  in  DNA  origami,  software  has  been  developed  to  
simplify  the  design  of  two-­‐‑  and  three-­‐‑dimensional  structures  following  the  origami  
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architecture  constraints  (Andersen,  Dong  et  al.  2008,  Douglas,  Marblestone  et  al.  2009,  
Andersen  2010).  One  such  program,  caDNAno  (Douglas,  Marblestone  et  al.  2009),  is  
paired  with  a  complementary  modeling  program,  CanDo  (Kim,  Kilchherr  et  al.  2012).  
The  web  server-­‐‑based  computational  resource,  CanDo,  uses  finite  element  modeling  to  
predict  the  3D  solution  shape  of  DNA  origami  nanostructures.  We  designed  scaled-­‐‑
down  versions  (reduced  in  size  to  fold  the  7,249-­‐‑nt  M13  scaffold  strand)  of  our  
asymmetric  51K-­‐‑NR  with  varying  average  base  pairs  per  turn  (10.67,  10.5,  and  10.33)  
using  caDNAno  and  input  these  structural  files  into  CanDo  for  solution  structure  
prediction.  These  7K  origami  designs  were  modeled  instead  of  the  51K  due  to  CanDo’s  
inability  to  accept  designs  on  the  51K  scale.  The  results  show  deformed  structures  
predicated  on  the  approximate  mechanical  response  of  the  DNA  double-­‐‑helix  as  
measured  in  different  configurations  experimentally  (see  Figure  22).  These  models  of  the  
7K  origami  are  then  compared  to  experimental  measurements  by  analyzing  the  
orientation  of  51K  structures  as  imaged  by  AFM.  
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Figure  22:  CanDo  prediction  of  the  solution  structure  of  the  notched  rectangle  
(NR)  DNA  Origami  structures  designed  to  the  scale  of  the  M13  scaffold.  (Douglas,  
Marblestone  et  al.  2009)  The  “F”  represents  the  front  or  side  A  of  the  origami.    
The  three-­‐‑dimensional  conformation  of  notched  rectangles  in  solution  can  be  
inferred  by  examining  them  by  AFM.  Samples  were  prepared  by  pipetting  a  suspension  
of  origami  onto  freshly-­‐‑cleaved  mica.  Electrostatic  forces  between  the  negatively-­‐‑
charged  phosphate  backbone  of  DNA  and  the  positively-­‐‑charged  mica  surface  cause  the  
origami  to  flatten  out  upon  contact  with  the  surface.  Curved  notched  rectangles  that  
meet  the  mica  surface  with  their  concave  centers  have  more  surface  area  near  the  mica,  
which  is  directly  related  to  the  amount  of  electrostatic  force,  and  origami  is  drawn  to  the  
surface.  Therefore,  noting  the  face  that  lies  on  the  origami  surface  most  frequently  can  
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validate  the  curvature  of  origami.  Our  asymmetric  structure  simplifies  the  
determination  of  structure  curvature.  Designs  with  an  average  pitch  of  10.33,  10.50  and  
10.67  bases  were  assembled  with  the  51,466-­‐‑nt  λ/M13  hybrid  scaffold.  Multiple  AFM  
images  were  taken  of  each  sample,  and  the  arrangements  of  origami  were  counted.  
Figure  23  represents  the  percentage  of  structures  that  land  “face  up”  or  “face  down”.    
  
Figure  23:  Percentages  of  structures  facing  “up”  or  “down”  on  AFM  images.  
The  positioning  of  the  origami  structures  on  the  mica  is  specified  by  the  inherent  
curvature  due  to  over/under  winding  the  DNA  helices.  
4.4 Conclusions 
Scaffolded  DNA  origami  holds  immense  potential  for  programed  self-­‐‑assembly  
of  objects  at  the  nanometer  scale;  its  ability  to  position  distinct  and  diverse  objects  with  
single-­‐‑digit  nanometer  precision  is  unmatched  by  any  other  method.  However,  for  the  
DNA  origami  technique  to  establish  itself  as  a  useful  element  for  various  
nanotechnology  applications,  the  scale  must  be  increased  and  its  formation  must  be  
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simple.  We’ve  developed  a  51,466-­‐‑nucleotide  single-­‐‑stranded  lambda/M13  hybrid  DNA.  
This  scaffold  strand  is  folded  into  a  notched  rectangle  origami  structure  using  chip-­‐‑
derived  staple  strands.  We  have  improved  our  chip  synthesis  platform  by  employing  
embossed  micro-­‐‑pillar  arrays,  which  has  reduced  chip-­‐‑to-­‐‑chip  variability.  Additionally,  
our  secondary  PCR  process  with  the  nSDA  seed  eluate  now  allows  significant  material  
yield  (>  1  µg),  thereby  allowing  for  many  experimental  trials  of  the  design.  The  increased  
size  and  simple  one-­‐‑pot  anneal  are  marked  advancements  towards  structural  DNA  
nanotechnology  as  a  multifunctional  tool  for  many  applications.    
The  notched  rectangle  shape  allows  us  to  distinguish  each  face  of  an  origami  
structure  after  it  lands  on  a  surface.  Modifying  the  shape  of  the  notched  rectangle  
renders  it  asymmetric  without  imposing  another  bulky  item  (e.g.,  a  hairpin  or  
conjugated  moiety),  which  may  influence  the  landing  of  the  origami  structure  on  the  
surface  of  mica  for  AFM  analysis.  Presumably,  the  convex  side  of  the  origami  will  have  a  
higher  probability  of  landing  and  binding  to  the  mica  due  to  the  increase  in  density  of  
electrostatic  interactions  between  the  mica  surface,  divalent  cations  (Mg2+),  and  the  
negatively-­‐‑charged  sugar-­‐‑phosphate  backbone  of  the  DNA  helices.  Folding  and  AFM  
imaging  of  the  three  designs  discussed  above  under  identical  conditions  showed  this  
disproportionality  of  landing,  correlating  well  with  the  predicted  solution  curvature  
shown  in  the  results  from  the  CanDo  models.  Also,  since  all  three  designs  produced  
well-­‐‑formed  structures,  we  can  deduce  that  origami  formed  from  the  51,466-­‐‑nt  
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lambda/M13  hybrid  DNA  scaffold  are  flexible  enough  to  bind  tightly  to  mica  surfaces  
without  AFM  tip  perturbation.  
4.5 Methods 
Production  of  single-­‐‑stranded  λS3069.  The  λ  form  of  λS3069  was  produced  by  
temperature-­‐‑induction  of  S3069  and  stored  at  4   ̊C  after  sterilization  through  a  0.45µμm  
syringe  filter.  The  titer  of  λS3069  was  determined  on  HO480.  A  culture  of  S3113  was  
established  at  30   ̊C  in  YT  broth  supplemented  with  20  µμg/ml  chloramphenicol,  10mM  
MgSO4  and  0.2%  maltose.  While  in  early  to  mid  log  phase  the  culture  was  infected  with  
λS3069  at  MOI  <  1.  Incubation  was  continued  1  hour  to  express  ampicillin-­‐‑resistance  and  
infected  culture  diluted  10  -­‐‑  20  fold  into  2xYT  supplemented  with  5  mM  each  HEPES  
and  sodium  HEPES,  20  µμg/ml  chloramphenicol,  200  µμg/ml  ampicillin  and  incubated  
with  aeration  overnight  at  30   ̊C.  
Purification  of  single-­‐‑stranded  λS3069.  The  outgrown  infected  culture  was  made  
10  mM  sodium-­‐‑EDTA  and  clarified  at  6,000  x  g,  15  minutes  at  4   ̊C.  Phage  were  purified  
by  PEG  fractionation  and  CsCl  centrifugation  as  described  by  Yamamoto  et  al.  1970,  
except  the  CsCl  step  gradient  was  replaced  by  isopycnic  centrifugation  for  20  hours  
(Yamamoto,  Alberts  et  al.  1970).  The  phage  were  deprotienized  with  phenol  and  the  
DNA  recovered  by  precipitation  with  ethanol.  
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Strains.  
HO480:  F-­‐‑  polA1(Am)  lysA  (Hove-­‐‑Jensen  2008)  
S1754:  F-­‐‑  lacIq  metA  endA  hsdR17  supE44  thi1  relA1  gyrA96  (Thon,  Bjerling  et  al.  
1999)    
S3069:  HO480(λcI857  XbaI::pBluescript  KS-­‐‑)    
S3113:  S1754(λ+)  pSB4423  (chloramphenicol-­‐‑resistant)  
pSB4423:  HindIII  -­‐‑  SalI  fragment  of  pACYC184  (Chang  and  Cohen  1978)  was  
replaced  with  M13  from  geneII  through  geneIV  by  PCR  amplification  of  M13+  with  5’-­‐‑
TTTAACGCGaagcttAACAAAATATTAACGTTTACAA-­‐‑3’  and  5’-­‐‑  
GGAGgtcgacGTTACAGGGCGCGTACTATGGTTGCT-­‐‑3’  (restriction  recognition  sites  in  
lower  case).  
Staple  Strand  Synthesis.  Described  in  detail  in  our  collaborative  publication  
(Marchi  2014).  
Origami  Designs.  All  notched-­‐‑rectangles  (NR)  were  designed  using  CaDNAno  
software  on  the  square  lattice  (Douglas,  Marblestone  et  al.  2009).  The  M13-­‐‑NRs  were  
designed  to  be  scaled-­‐‑down  versions  or  51K-­‐‑NRs.  From  crystallographic  data,  the  rise  
per  base  pair  of  a  DNA  double-­‐‑helix  is  0.332±(0.019  s.d.)  nm  (Olson,  Gorin  et  al.  1998).  
The  effective  diameter  of  helices  packed  in  a  square  lattice  is  2.6±(0.1  s.d.)  nm,  as  
estimated  from  cryo-­‐‑EM  images  of  origami  (Ke,  Voigt  et  al.  2012).  These  values  were  
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used  to  estimate  each  structures’  dimensions,  as  shown  in  Table  2.  Staple  sequences  and  
CaDNAno  design  images  are  shown  in  Appendix  B.  
Table  2:  Estimated  dimensions  of  designed  notched  rectangle  origami  
structures.  
Origami  
Design  
Name  
Total  
Helices  
Total  
Height  
(nm)  
Total  
Width  
(bp)  
Total  
Width  
(nm)  
Staple  
X-­‐‑overs  
Bases  
per              
X-­‐‑over  
(bp)  
Ave.  
Bases  
per  
Turn  
(bppt)  
Notch  
Height  
(helices)  
Notch  
Height  
(nm)  
Notch  
Width  
(bp)  
Notch  
Width  
(nm)  
M13-­‐‑NR-­‐‑
10.33   24   62   310   103   10   31   10.33   8   21   94   31.2  
M13-­‐‑NR-­‐‑
10.50   24   62   315   105   10   31.5   10.50   8   21   95   31.5  
M13-­‐‑NR-­‐‑
10.67   24   62   320   106   10   32   10.67   8   21   97   32.2  
51K-­‐‑NR-­‐‑
10.33   70   182   806   268   26   31   10.33   24   62   280   93.0  
51K-­‐‑NR-­‐‑
10.50   70   182   819   272   26   31.5   10.50   24   62   284   94.3  
51K-­‐‑NR-­‐‑
10.67   70   182   832   276   26   32   10.67   24   62   289   95.9  
  
Origami  Formation.  Samples  were  prepared  by  mixing  the  scaffold  strand  with  
the  respective  staple  pool  in  the  presence  of  1xTAE/Mg2+  (40  mM  Tris-­‐‑HCl  (pH  8.0),  20  
mM  acetic  acid,  2  mM  EDTA,  and  12.5  mM  magnesium  acetate).  Thermal  anneals  
consisted  of  heating  to  65  °C  at  the  maximum  rate,  holding  for  3  min,  cooling  to  20  °C  
over  8  hours,  and  a  quick  drop  to  4  °C  in  a  Techne  TC-­‐‑3000  Thermal  Cycler.  All  samples  
were  held  at  4  °C  for  at  least  2  hours  prior  to  AFM  imaging.  
AFM  Imaging.  A  Digital  Instruments  Nanoscope  IIIa  with  a  multimode  fluid-­‐‑cell  
scanner  head  was  used  for  all  AFM  imaging.  Samples  were  prepared  by  pipetting  5  µμL  
of  annealed  origami  onto  freshly-­‐‑cleaved  mica.  Origami  was  allowed  to  incubate  on  
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mica  for  3  minutes  before  applying  60  µμL  of  1xTAE/Mg2+  for  tapping  mode  AFM  under  
buffer.  Silicon  nitride  AFM  tips  from  Veeco  Inc.  (DNP-­‐‑s10)  were  used  for  all  scans.  
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5. Expanded Nucleobase Alphabet 
As  discussed  in  section  1.1.3  Molecular  Self-­‐‑
Assembly,  DNA  self-­‐‑assembly  has  a  more  limited  
alphabet  (n=4)  as  compared  to  protein  self-­‐‑assembly  
(n=20).  DNA  self-­‐‑assembly  architectures  are  
currently  restricted  to  the  conformation  of  natural  
Watson-­‐‑crick  base  pairing  between  A,  C,  G,  and  T.  
The  addition  of  novel  nucleotides  into  staple  strands  
for  origami  designs  will  increase  the  number  of  
unique  staple  strands  used  in  the  formation  of  large-­‐‑scale  origami  while  maintaining  
their  length.  Non-­‐‑natural  nucleotides  have  been  shown  to  introduce  different  material  
properties  along  nucleic  acid  strands.  Understanding  different  conformations  imposed  
on  DNA  nanostructures  with  the  addition  of  novel  nucleotides  will  increase  structural  
possibilities.  We  have  collaborated  with  professor  Paul  Agris  (Professor  of  Biological  
Sciences  and  Chemistry  and  the  RNA  Institute  director  at  the  University  at  Albany,  NY  -­‐‑  
Figure  24),  an  expert  in  introducing  modified  nucleosides  into  RNA  and  DNA,  to  
develop  DNA  strands  that  confer  differing  structural  properties  to  designed  
nanostructures.  By  integrating  different  nucleotides  into  DNA-­‐‑based  nanostructures,  
distinct  structural  properties  can  be  predesigned  into  assemblies,  with  possible  
integration  into  origami  as  an  additional  mechanism  for  interesting  structure  formation.  
Figure  24:  Professor  Paul  
Agris,  University  at  Albany.  
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Non-­‐‑natural  nucleic  acids  were  integrated  into  known  DNA  nanostructure  assemblies  in  
order  to  study  the  effect  these  changes  had  on  the  propagation  of  tiled  lattices.  While  
only  structure  formation  and  AFM  characterization  is  discussed  below,  the  entirety  of  
this  collaborative  project  is  published  in  the  Journal  of  Biomolecular  Structure  and  
Dynamics  (Hakker,  Marchi  et  al.  2014).    
5.1 Introduction 
The  field  of  structural  DNA  nanotechnology  encompasses  all  types  of  structures  
formed  by  the  programmed  self-­‐‑assembly  of  oligonucleotides.  The  guiding  construction  
unit  is  the  Holliday  junction,  which  is  seen  during  the  process  of  genetic  recombination.  
This  cross-­‐‑shaped  structure  is  mobile  in  biology,  however,  as  proposed  by  professor  
Nadrian  Seeman,  immobile  four-­‐‑arm  junctions  are  designed  with  appropriate  single-­‐‑
stranded  DNA  sequences  (Seeman  1982).  Multiple  immobile  junctions  introduce  the  
rigidity  necessary  to  construct  diverse  assemblies  capable  of  long-­‐‑range  order,  e.g.,  anti-­‐‑
parallel  double  crossovers  as  shown  in  Figure  3.  A  tile  has  been  designed  and  
constructed  by  combining  four  of  these  four-­‐‑arm  junctions  into  a  cross-­‐‑tile  design  with  
arms  pointing  in  four  directions  (see  Figure  26)  (Yan,  Park  et  al.  2003).  These  tiles  self-­‐‑
assemble  from  nine  distinct  strands,  with  the  central  strand  (A9)  participating  in  each  
junction  in  all  four  arms.  At  the  inner  corner  where  the  A9  strand  transfers  from  one  arm  
to  the  next  are  four  unpaired  thymine  bases.  The  flexibility  of  these  bulged  four-­‐‑T  loops  
(4-­‐‑T4)  provide  enough  slack  for  the  A9  strand  to  cross  between  arms,  while  impairing  
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base  stacking  interactions  between  adjacent  four-­‐‑arm  junctions.  Cross-­‐‑tiles  bind  to  each  
other  through  single-­‐‑stranded  regions  at  the  end  of  each  arm  called  sticky  ends.  Two  
cross-­‐‑tile  types  are  designed  with  sticky  ends  that  bind  with  tiles  either  in  the  same  
orientation  (forming  uncorrugated  arrays)  or  bind  such  that  tiles  must  alternate  between  
face  up  and  face  down  (forming  corrugated  arrays).  Analysis  by  AFM  of  the  lattices  that  
are  formed  from  these  two  tile  types  show  periodic  arrays.  However,  the  lattices  
assembled  in  the  uncorrugated  construction  tend  to  form  tube-­‐‑like  lattices  while  the  
corrugated  constructions  reveal  single-­‐‑layer  flat  grids.  It  is  reasoned  that  the  cross-­‐‑tile,  
while  intending  to  be  flat,  is  inherently  curved.  This  curvature  accumulates  with  the  
binding  of  each  neighboring  tile  in  the  uncorrugated  construction  causing  circularization  
of  the  array  into  tubes.  Some  of  these  tubes  flatten  out  on  mica  into  two-­‐‑layer,  uniform  
diameter  ribbons.  In  contrast,  the  tile  curvature  is  canceled  out  in  the  corrugated  
construction,  leading  to  single-­‐‑layer  grids  with  larger  dimensions.  These  cross-­‐‑tiles  are  
ultimately  used  to  template  the  assembly  of  protein  arrays  and  nanowires  towards  
constructing  logical  molecular  devices.  
DNA-­‐‑templated  assembly  holds  much  promise  for  the  organization  of  materials  
at  the  nanometer  scale.  Periodic  arrays  formed  from  cross-­‐‑tiles  assemble  in  simple  
thermal  anneals  and  are  easily  modified  by  introducing  conjugation  moieties  on  any  of  
the  nine  strands  of  each  tile.  However,  the  resulting  lattice  formation  is  currently  limited  
to  uncorrugated  or  corrugated  tilings.  DNA-­‐‑templated  assemblies  can  support  a  larger  
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set  of  applications  by  expanding  the  number  of  ways  to  produce  various  constructions.  
Oligonucleotide  sequences  used  in  structural  DNA  nanotechnology  are  typically  
restricted  to  the  4-­‐‑digit  natural  nucleobase  alphabet  (A,  G,  C,  and  T).  There  has  been  
increased  interest  in  the  synthesis  and  analysis  of  non-­‐‑natural  nucleobases  due  to  their  
role  in  gene  expression  (Agris,  Vendeix  et  al.  2007).  However,  they  had  not  previously  
been  introduced  into  DNA  nanostructures.  One  reason  for  their  exclusion  so  far  is  the  
difference  in  geometry  of  non-­‐‑Watson-­‐‑Crick  base  pairing.  Introducing  non-­‐‑natural  bases  
into  the  unpaired  nucleosides  on  the  inside  of  cross-­‐‑tiles  eliminates  the  need  for  
orthogonality  in  base  pairing  while  still  affecting  the  resulting  array  formation.    
Through  consultation  with  Professor  Agris,  we  decided  to  introduce  two  
modifications  into  the  center  4-­‐‑T4  loops:  2’-­‐‑O-­‐‑methyluridine  and  1’,2’-­‐‑dideoxyribose  
abasic  (see  Figure  25).  Commonly  used  to  confer  nuclease  resistance  and  increasing  
duplex  stability  due  to  base  stacking,  2’-­‐‑O-­‐‑methyluridine  is  a  more  constrained  
nucleobase  with  the  bulky,  hydrophobic  methyl  moiety  replacing  the  hydrogen  on  the  
ribose  2’-­‐‑C  (Cotten,  Oberhauser  et  al.  1991,  Agris  1996,  Koike,  Naito  et  al.  2004).  
Conversely,  the  complete  removal  of  the  aromatic  nucleobase,  as  in  the  substitution  of  
the  abasic  dideoxyribose,  leads  to  increased  flexibility  through  the  reduction  of  steric  
crowding  (Lhomme,  Constant  et  al.  1999).  We  hypothesize  that  these  modifications  to  
the  16  unpaired  nucleosides  in  the  central  loop  at  the  junction  of  the  four  duplex  stems  
will  affect  the  tiles’  thermodynamic  stability  and  their  resulting  self-­‐‑assembled  arrays.  
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Figure  25:  Nucleotides  in  order  of  increasing  flexibility.  A)  Exchanging  a  
hydrogen  with  a  bulkier  methyl  group  on  the  2'ʹ  ribose  carbon  creates  steric  effects,  
making  the  molecule  more  rigid.  B)  Deoxythymidine  is  a  natural  nucleobase.  C)  The  
removal  of  the  nucleobase  from  the  ribose  eliminates  nearby  base  stacking  as  well  as  
decreases  steric  effects,  making  this  substitution  more  flexible  than  the  full,  naturally  
occurring  nucleotide.      
5.2 Results  
Cross-­‐‑tiles,  self-­‐‑assembled  from  base  pair  recognition  between  designed  single-­‐‑
stranded  DNAs,  form  higher-­‐‑order  lattice  structures  through  self-­‐‑association  via  sticky-­‐‑
end  cohesion.  These  cross-­‐‑tiles  have  16  unpaired  nucleosides  located  in  the  central  loop  
at  the  junction  of  the  four  duplex  arms.  Cross-­‐‑tile  DNA  nanostructures  were  designed,  
synthesized,  and  analyzed  in  order  to  determine  the  importance  of  these  centralized  
unpaired  nucleosides  on  the  structure’s  stability  and  self-­‐‑assembly.  Cross-­‐‑tile  structures  
were  constructed  from  nine  single-­‐‑stranded  DNAs  with  four  shell  strands,  four  arms,  
and  a  central  loop  (A9)  containing  16  unpaired  bases  (see  the  center  4-­‐‑T4  loops  in  Figure  
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26  and  Figure  27)  modified  with  deoxyribothymidines,  2’-­‐‑O-­‐‑methylribouridines  or  
abasic  deoxynucleosides.  Tiles  with  each  of  the  above  modifications  are  designed  to  
form  uncorrugated  or  corrugated  arrays  (see  Figure  26  and  Figure  27).  Single  tiles  and  
arrays  are  thermally  annealed  at  a  concentration  of  1  µμM  in  the  presence  of  buffer  and  
divalent  salts  (Mg2+).  Stoichiometric  mixtures  of  appropriate  strands  are  heated  to  95°C  
for  one  minute  and  slowly  cooled  to  room  temperature  over  12-­‐‑24  hours.  Tile  formation  
is  assessed  by  polyacrylamide  gel  electrophoresis  (see  Figure  28).  Structural  
contributions  conferred  by  the  modified  bases  in  the  central  loop  of  the  cross-­‐‑tiles  to  the  
overall  array  formation  are  visualized  by  liquid  tapping  AFM  on  mica  (see  Figure  29).  
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Figure  26:  Cross-­‐‑tile  designed  to  form  arrays  by  binding  with  neighboring  tiles  
in  the  same  orientation  (uncorrugated  lattices).  
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Figure  27:  Cross-­‐‑tile  designed  to  form  arrays  by  binding  with  neighboring  tiles  
by  flipping  orientation  (corrugated  lattices).  
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Figure  28:  An  example  polyacrylamide  gel  electrophoresis  image  showing  
progressing  tile  formation.  Tile  strands,  without  sticky  ends,  are  annealed  to  visualize  
stoichiometry  of  formation.  The  A9-­‐‑4T  strand  is  the  center  strand  of  the  tile  (the  same  
as  in  lane  3).  
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Figure  29:  AFM  images  of  lattices.  A  &  B)  Lattices  formed  from  tiles  with  four  
4-­‐‑Thymine  groups  in  the  center  in  uncorrugated  and  corrugated  patterns.  C  &  D)  
Lattices  formed  from  tiles  with  four  4-­‐‑2’-­‐‑O-­‐‑methyluridine  groups  in  the  center  in  
uncorrugated  and  corrugated  patterns.  E  &  F)  Lattices  formed  from  tiles  with  four  4-­‐‑
abasic  dideoxyribose  groups  in  the  center  in  uncorrugated  and  corrugated  patterns.  
Each  micrograph  (5  x  5  µμm)  has  an  enlarged  section  in  the  upper  right  corner  (1  x  1  
µμm).  
5.3 Discussion 
Previous studies of cross-tiles with 4-T4 loops showed that the uncorrugated 
constructs (UC-T) form nanoribbons, lattices that circularize into tube-like structures. 
These arrays are believed to form tubes due to the cumulation of the inherent cross-tile 
curvature, which flatten upon deposition onto mica (Yan, Park et al. 2003). This study 
also showed that corrugated constructs (C-T) produce nanogrids, which are large lattices 
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that lay flat, balancing out the tile curvature due to the designed corrugated tile-binding 
strategy. The UC-T and C-T structures formed in this study are consistent with the 
previous work as shown in the AFM images (see Figure  29 A and B). The UC-T lattices 
appear to form tubular structures, noting the straight edges, of uniform width with lengths 
around 5 µm. The C-T have fewer straight edges, revealing a grid-like pattern of 
indeterminate size in all dimensions. 
The  AFM  images  of  both  UC-­‐‑Um  and  C-­‐‑Um  illustrated  the  formation  of  tubular  
structures  (see  Figure  29  C  and  D).  In  solution,  UC-­‐‑Um  formed  relatively  short  tubular  
structures  as  compared  to  its  corrugated  counterpart,  typically  less  than  5  µμm  in  length.  
These  structures  open  into  a  flat,  single-­‐‑layer,  grid  lattice  in  many  places  upon  
deposition  onto  mica.  The  lack  of  uniformity  on  the  structures  is  indicative  of  a  decrease  
in  stability  as  compared  to  C-­‐‑Um.  The  lengths  of  the  nanoribbons  are  shorter  and  their  
consistent  unrolling  suggests  that  the  tile-­‐‑to-­‐‑tile  bonds  are  weaker  than  the  lattices  
affinity  to  the  mica  surface.  Also,  the  increased  rigidity  of  the  Um  base  leads  to  a  more  
rigid  tile  structure.  The  more  rigid  tiles  do  not  have  the  flexibility  necessary  to  propagate  
the  nanotubes,  making  them  shorter  than  the  traditional  tiles  with  the  thymine  loops.    
In  contrast,  C-­‐‑Um  form  longer  tubular  structures,  many  greater  than  10  µμm  in  
length.  When  deposited  onto  mica,  they  flatten  but  mostly  maintain  their  two-­‐‑layered  
thickness  instead  of  unrolling  into  a  single-­‐‑layer  lattice.  As  mentioned  above,  the  Um  
base  substitution  produces  a  more  rigid  tile  structure.  However,  the  corrugated  lattice  
design  is  able  to  compensate  for  the  tile'ʹs  rigidity,  producing  longer,  more  stable  tubular  
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structures.  The addition of 2’-O-methylurdine produces stable, tube structures as seen by 
AFM. This more constrained residue in the interior of the cross-tile further stabilizes the 
orientation of the arms of the cross-tile, maintaining the arms at 90˚ angles to  each other. 
These nucleobases result in a decrease in structural base-stacking as allowed by the more 
flexible cross-tiles with abasic residues. Comparing UC-Um to C-Um, the corrugated 
lattices produced a more stable tube structure. These results illustrate that reducing the 
number of base-stacking interactions assists in the process of lattice formation, producing 
a more stable structure; therefore, the addition of a more rigid base has led to a more 
stable nanostructure.  
The AFM images of the UC-Ab structures show little higher-order structure 
formation, and only flat, small grid from fewer tile-tile interactions (see Figure   29 E). 
This is likely due to the increase in the flexibility of individual tiles. Since individual 
branched junctions are already fairly flexible, they are now less constrained by the three 
adjacent junctions due to the more flexible abasic loops. Stacking interactions between 
adjacent four-arm junctions are thus more prevalent. The additional inter-tile base 
stacking interactions lead to tiles with arms that are no longer held in the designed 90˚ 
angles to each other. As tiles attempt to propagate into lattice structures, there may be 
some steric hindrances from these flexible arms. The uncorrugated lattice design 
accentuates this flexibility, making lattice propagation more challenging.  
The C-Ab individual tiles have similar flexibility as the UC-Ab tiles. However, 
because of the more rigid corrugated lattice design, these tiles are able to propagate into 
some tube-like structures. These tubes have larger diameters and are shorter (less than 4 
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µm in length) than the thymine or Um structures and seem to fall apart easily upon 
deposition onto mica (see Figure  29 F). The fragility of these higher-order structures 
again suggests the flexible nature of the tiles made with the abasic residues. The thymine 
structures appear to generate the best propagated lattices, which could be the result of a 
higher degree of base-stacking.  
5.4 Conclusions 
The traditional design of each DNA cross-tile structure, based on immobile four-
arm branched junctions, contains 434 hydrogen bonds and 168 base pairs. Given the 
numerous structural connections and high persistence length of DNA, it may be assumed 
that the unpaired thymine base loops in the center of each tile would have minimal 
structural contributions to the cross-tiles and their superstructure assemblies. However, 
when the deoxythymidines are exchanged for alternative nucleosides, structure formation 
is drastically affected.  Cross-tiles are modified by replacing the unpaired thymines in the 
central loop with 2’-O-methyluridine and abasic residues. Three different cross-tile 
systems have been designed: single tiles without sticky ends, tiles constructed with sticky 
ends programmed to form corrugated lattices, and tiles constructed with sticky ends 
programmed to form uncorrugated lattices. AFM studies have been performed on these 
nanostructures to determine structural stability.  We conclude that the nature of the 
unpaired nucleosides plays a crucial role in the formation of tile and lattices through their 
structural contributions. With the constructs studied, it was determined that increased 
base-stacking interactions created a cross-tile structure favorable to propagating the tiles 
into lattices. 
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This study illustrates the importance of a minor number of unpaired, but centrally 
located, bases to the design of DNA nanostructures. Sequence-dependent modifications, 
even within unpaired regions in a design, have a profound effect on the characteristics of 
the nanostructure and its resulting superstructure formation. Modifications in unpaired 
regions of the DNA will assist researchers in programming DNA nanostructures with 
characteristics favorable for performing specific tasks.  
5.5 Methods 
DNA  Cross-­‐‑tiles.  The  majority  of  the  DNA  strands  for  the  cross-­‐‑tile  structures  
are  chemically  synthesized  by  Integrated  DNA  Technologies  (Coralville,  Iowa).  Each  
100-­‐‑nt  center  strand  (A9)  with  the  varied  non-­‐‑natural  nucleotides  was  separately  
prepared  by  TriLink  Biotechnologies  (San  Diego,  CA).  In  each  tile  design,  the  100  
nucleotide  sequence  (Strand  A9,  Figure  1A)  differed  in  the  4-­‐‑T4  central  loops  with  the  
following  modifications  substituting  for  the  four  unpaired  thymine  bases:  abasic  and  2’-­‐‑
O-­‐‑methyluridine.    Tiles  are  annealed  at  a  concentration  of  1  µμM  by  mixing  one  of  the  100  
nucleotide  sequences  with  eight  unique  DNA  strands  (each  at  30  µμM)  in  stoichiometric  
equivalence  in  1x  TAE/Mg2+  buffer  (40  mM  Tris-­‐‑HCl  pH  8.0,  20  mM  acetic  acid,  2  mM  
EDTA,  and  12.5  mM  magnesium  acetate).    The  samples  are  heated  in  boiling  water  for  
one  minute  and  slow-­‐‑cooled  to  room  temperature  overnight.  The  tiles  that  possess  blunt  
edges  do  not  form  lattice  superstructures,  and  tiles  that  contain  sticky  ends  bind  in  the  
designed  uncorrugated  and  corrugated  configurations  to  produce  higher-­‐‑order  lattice  
structures.  
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Gel  Electrophoresis.  Polyacrylamide  gel  electrophoresis  (PAGE)  is  used  to  
visualize  cross-­‐‑tile  (without  sticky-­‐‑ends)  formation.  Samples  are  run  on  an  8%  non-­‐‑
denaturing  PAGE  gel  in  1  ×TAE/Mg2+  buffer  at  150  V  for  6  hours  at  15°C.  Gels  are  
stained  with  ethidium  bromide  and  visualized  on  an  AlphaImager  HP  (Proteinsimple).  
Atomic  Force  Microscopy.  AFM  images  are  obtained  on  a  Digital  Instruments  
Nanoscope  IIIa  with  a  multimode  head  by  tapping  mode  under  buffer  using  DNP-­‐‑10  or  
DNP-­‐‑S10  silicone  nitride  tips  (Veeco  Inc.).  DNA  cross-­‐‑tile  lattice  samples  are  imaged  in  
concentrations  varying  between  30nM  and  1µμM.  Five  microliters  of  sample  is  deposited  
on  freshly  cleaved  mica,  followed  by  a  3-­‐‑minute  wait  before  addition  of  30  µL  of  1  
×TAE/Mg2+  buffer  for  liquid  tapping  mode  AFM  analysis.    
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6. Characterization of Functional Origami for 
Programmable Cell Signaling 
The  DNA  origami  technique  is  a  demonstration  of  how  
biology-­‐‑inspired  processes  can  lead  to  producing  materials  
that  have  previously  been  unobtainable  by  lithographic  
techniques.  Furthermore,  the  ability  to  specifically  
functionalize  individual  sites  on  an  origami  surface  with  
precise  control  over  spacing  down  to  single-­‐‑digit  nanometers  
is  unparalleled  by  any  other  synthetic  material.  The  unique  
aspects  of  DNA  origami  render  it  an  advantageous  material  
for  investigating  nanometer-­‐‑scale  mechanisms.  Cell-­‐‑surface  receptor  signaling  processes  
transpire  when  molecules  interact  at  sub-­‐‑micrometer  scales.  Focusing  on  a  specific  class,  
T-­‐‑cell  receptor  signaling  entails  binding  of  molecules  at  cell-­‐‑cell  interfaces.  The  
mechanisms  that  trigger  specific  cell  actions  remain  under  investigation  due  to  a  lack  of  
experimental  equipment  capable  of  teasing  apart  the  many  proposed  mechanisms.  One  
probe  that  closely  mimics  the  natural  processes  by  which  T-­‐‑cells  receive  signals  from  
other  cells  was  developed  by  professor  Cheng  Zhu’s  lab  (Regents’  professor  of  
Biomedical  Engineering  at  Georgia  Institute  of  Technology,  Atlanta,  GA  –  Figure  30).  
Their  micropipette  adhesion  and  biomembrane  force  probe  assays  investigate  the  
biomechanics  of  cell  adhesion  and  signaling  molecules  of  the  immune  system.  While  
Figure  30:  Professor  
Cheng  Zhu,  Georgia  
Institute  of  
Technology  
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control  over  the  contact  area  between  signaling  molecules  and  receptors  is  maintained,  
these  assays  do  not  have  the  ability  to  control  the  spacing  between  individual  signaling  
molecules  or  tightly  control  spacing  within  and  between  groups  of  molecules  as  
presented  to  receptors.  This  spacing  is  a  key  component  towards  better  understanding  
of  the  mechanisms  involved  in  T-­‐‑cell  activation  in  the  immune  system.  Therefore,  we  
have  collaborated  with  the  Zhu  lab  to  design  a  DNA  origami  system  for  introduction  
into  their  assays  for  better  control  over  molecular  positioning.  The  design  and  
characterization  of  the  proposed  origami  structures  are  detailed  below.  
6.1 Introduction  
Cells,  considered  the  basic  units  of  life,  communicate  with  their  environment  
through  cellular  signaling  pathways,  where  cell  surface  receptors  transduce  information  
about  the  exterior  of  a  cell  into  its  interior  and  vice  versa.  This  information  is  passed  
specifically  by  receptors  interacting  with  different  signaling  molecules,  also  referred  to  
as  the  receptor’s  ligand.  Cell  surface  receptors  are  proteins  that  are  typically  
transmembrane,  i.e.,  the  receptor  has  an  intracellular  domain  as  well  as  an  extracellular  
domain.  When  a  signaling  molecule  binds  to  one  domain,  the  effect  of  this  binding  is  
transferred  to  the  other  domain  via  conformational  changes,  triggering  a  signaling  event  
that  corresponds  to  a  physiological  response  from  the  cell.  The  triggering  mechanism  is  
distinct  among  different  classes  of  receptors.  Some  conformational  changes  lead  to  
protein  actions  inside  a  cell,  ion  channel  opening,  enzymatic  activation,  gene  expression,  
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receptor  clustering,  mechanical  responses,  or  some  combination  of  the  above.  Hundreds  
of  receptor  classes  exist,  each  with  differing  mechanisms  for  triggering.  
Receptor  activation  is  commonly  exploited  for  drug  delivery,  where  therapeutics  
are  targeted  to  specific  receptor  proteins  to  deliver  the  drug  to  its  target  for  activation  or  
inhibitory  purposes.  This  drug  delivery  system  attempts  to  mimic  naturally  occurring  
processes  where  the  receptor  triggering  mechanism  is  known.  An  example  of  imitating  
natural  cell  receptor  responses  with  synthetic  drugs  is  some  types  of  chemotherapy  
drugs  that  are  used  to  trigger  an  immune  response  to  kill  cancerous  cells.  These  
therapies  are  targeted  to  cancerous  T  or  B  cells  that  display  specific  protein  markers.  
Upon  binding  to  these  proteins,  the  immune  system  is  stimulated,  resulting  in  the  
destruction  of  the  cancerous  cell.  Naturally,  cells  in  the  immune  system  communicate  
regulatory  signals  to  modify,  attenuate,  or  initiate  a  response.  Development  of  useful  
therapeutics  requires  insights  into  molecular,  cellular,  and  physiological  processes  in  
order  to  identify  proteins  as  potential  drug  targets.  Therefore,  a  thorough  understanding  
of  the  activation  mechanisms  of  these  proteins  is  required  for  the  drug  to  be  effective  
and  specific.    
As  discussed  above,  cell  receptors  are  triggered  in  the  presence  of  an  antigen.  In  
the  immune  system,  T  cell  receptors  (TCR)  are  presented  antigens  on  the  extracellular  
membrane  of  antigen-­‐‑presenting  cells  (APCs).  The  antigen  is  a  globular,  multi-­‐‑domain  
peptide-­‐‑major  histocompatibility  complex  (pMHC)  that,  in  nature,  binds  to  T  cells  when  
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anchored  on  the  two-­‐‑dimensional  (2D)  membranes  of  APCs.  Studies  have  attempted  to  
analyze  binding  kinetics  of  TCR-­‐‑pMHC  binding  with  pMHC  molecules  in  solution  
(three-­‐‑dimensionally),  which  correlate  poorly  to  natural  T  cell  responses.  Thus,  the  Zhu  
lab  has  developed  a  mechanical  assay  to  study  TCR-­‐‑pMHC  binding  kinetics.  This  
apparatus  displays  pMHC  molecules  in  varying  global  densities  along  either  red  blood  
cells  (RBC)  or  glass  beads.  The  RBC  or  bead  is  then  brought  into  contact  with  a  single  T  
cell  and  binding  kinetics  are  measured  by  monitoring  the  red  blood  cell’s  response  to  
binding  events.  T  cells  can  be  activated  to  kill  targets  after  engagement  of  as  few  as  1-­‐‑10  
pMHC  molecules  (Purbhoo,  Irvine  et  al.  2004).  Also,  it  has  been  speculated  that  T  cells  
impose  unique  regulations  on  TCR  organization,  orientation  and/or  conformation,  
which  may  affect  the  availability  of  TCR  to  binding  or  enable  cooperative  binding.  By  
displaying  pMHC  molecules  in  specific  orientations,  local  concentrations,  and  specific  
spacing,  we  may  correlate  the  affinities  of  TCR-­‐‑pMHC  binding  and  kinetics  that  
determine  T  cell  responsiveness  to  pMHC  orientation.  We  have  designed  and  
characterized  a  DNA  origami  substrate  to  specifically  organize  and  control  the  local  
concentration  of  pMHCs.  This  pMHC-­‐‑conjugated  origami  can  then  be  directly  
integrated  into  the  mechanical  assay  described  above.  We  predict  that  different  local  
concentrations,  patterns,  and  organizations  of  pMHC  molecules  will  induce  differing  
association  forces  and  TCR  binding  kinetics  and  thereby  resulting  in  distinct  T  cell  
responsiveness.  
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Figure  31:  Two-­‐‑dimensional  mechanical  assays  to  analyze  binding  affinities  
and  kinetic  rates  of  T  cell  receptors  interacting  with  its  ligand,  peptide  major  
histocompatibility  complex  molecules.  A)  Ligands  are  bound  to  RBCs  and  adhesions  
are  measured  to  determine  binding  affinities.  B)  Ligands  are  bound  to  a  glass  bead,  
which  is  tracked  with  its  thermal  fluctuation  changes  related  to  the  kinetic  rates  of  
binding.  (Taken  from  (Zarnitsyna  and  Zhu  2012)  C)  Images  of  the  micropipette  assays.  
(Taken  from  (Huang,  Zarnitsyna  et  al.  2010)  D)  Cartoon  showing  how  ligands  are  
attached  to  RBCs  or  glass  beads  via  biotin-­‐‑streptavidin  contacts.  (Adapted  from  
(Edwards,  Zarnitsyna  et  al.  2012).  
6.2 Results 
Our  collaborators  in  the  Zhu  lab  have  developed  two  mechanical  assays  to  
examine  TCR  binding  kinetics  using  micropipettes  to  interact  ligand-­‐‑coated  red  blood  
cells  (RBCs)  or  glass  beads  with  a  confined  single  T  cell  (see  Figure  31).  In  these  assays,  
biotinylated  pMHCs  are  bound  to  biotinylated  RBCs  or  glass  beads  via  divalent  
streptavidin  (DiST).  The  global  density  of  pMHC  attachment  is  not  controllable,  but  is  
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measurable  by  flow  cytometry  and  fluorescently  labeled  antibodies  against  pMHC  
ligands  (Chesla,  Selvaraj  et  al.  1998).  Their  system  allows  for  measurement  of  single  
binding  kinetics,  but  the  orientation  of  the  coated  proteins  with  respect  to  the  RBC  
membrane  is  random  and  incapable  of  testing  for  different  arrangements  of  pMHCs  i.e.,  
clustered  groups  of  pMHCs  or  specifically  spread  out  single  or  groups  of  pMHCs.  DNA  
origami  substrates  have  the  unique  ability  to  specifically  organize  molecules  with  single-­‐‑
digit  nanometer  precision.  We  propose  directly  integrating  a  2D  DNA  origami  that  is  
functionalized  on  both  sides  with  moieties  such  that  one  side  can  be  attached  to  either  a  
biotinylated  red  blood  cell  or  glass  bead,  and  the  other  side  will  display  ligands  against  
T  cell  receptors.  We  can  use  DNA  origami  to  specifically  position  single  or  groups  of  
pMHC  molecules  relative  to  each  other,  which  is  otherwise  impossible  to  do  on  the  
surface  of  a  RBC  or  glass  bead  (see  Figure  32).  
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Figure  32:  DNA  origami  as  an  organizational  tool  for  the  discovery  of  TCR-­‐‑
pMHC  binding  mechanisms.  
DNA  oligos  are  readily  synthesized  to  include  biotin  groups  at  either  end  of  a  
strand  or  to  any  sidechain  off  a  base.  These  biotinylated  oligos  are  annealed  with  the  
complete  staple  set  used  to  form  the  origami.  Biotin  sites  on  opposing  sides  of  the  
origami  are  displayed  in  symmetric  patterns  with  dimensions  specified  by  the  helical  
diameter  and  rise.  Using  0.332  nm  for  the  rise  per  base  pair  of  a  DNA  double-­‐‑helix  
measured  from  crystallographic  data  (Olson,  Gorin  et  al.  1998)  and  an  effective  diameter  
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of  2.6  nm  for  helices  packed  in  a  square  lattice  estimated  from  cryo-­‐‑EM  images  of  DNA  
origami  (Ke,  Douglas  et  al.  2009),  the  dimensions  of  the  biotinylated  sites  on  each  
origami  design  are  determined  as  shown  in  Figure  32.    
The  symmetry  of  the  biotin  sites  on  each  side  of  the  origami  allow  divalent  
streptavidin  (DiST)  to  bind  on  both  sides  of  the  origami,  permitting  the  presentation  of  
ligands  to  be  equivalent  on  the  glass  bead  or  red  blood  cell  regardless  of  which  side  of  
the  origami  binds.  With  both  sides  displaying  DiST,  it  is  extremely  important  to  control  
the  order  in  which  reagents  are  added  to  produce  the  final  assembly  (see  Figure  33).  
First,  the  origami  is  annealed  with  the  appropriate  staple  sets  including  the  biotinylated  
staples.  Second,  origami  biotin  sites  are  saturated  with  DiST.  DiST-­‐‑coated  origami  are  
incubated  with  biotinylated  RBCs  or  glass  beads.  Origami  are  presented  in  excess  to  
fully  cover  the  RBCs  or  glass  beads,  thus  removal  of  the  excess  is  achieved  by  pelleting  
the  coated  RBCs  or  glass  beads  and  removal  of  the  supernatant.  The  RBCs  or  glass  beads  
now  display  DiST  for  binding  of  biotinylated  pMHCs  in  patterns  as  specified  by  the  
origami.  Again,  the  removal  of  excess  pMHC  is  achieved  by  pelleting.    The  final  
assembly  is  a  RBC  with  pMHCs  displayed  in  arrangements  specifically  determined  by  
the  origami  design.  The  origami  designs  proposed  for  use  in  the  assays  should  be  well  
characterized  prior  to  their  use  in  the  Zhu  lab  assays.  The  remainder  of  this  chapter  is  
dedicated  to  the  characterization  of  the  origami  designs.      
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Figure  33:  Proposed  assembly  of  origami-­‐‑coated  RBCs  for  use  in  micropipette  
adhesion  assays.  
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6.3 Discussion 
DNA  origami  are  formed  in  solution,  but  due  to  their  small  scale,  they  are  best  
analyzed  by  atomic  force  microscopy  (AFM)  in  liquid  tapping  mode  to  best  maintain  
their  solution  characteristics.  Samples  for  AFM  imaging  are  first  absorbed  onto  mica  in  
the  presence  of  divalent  cations  (Mg2+).  Origami  bind  well  to  negatively  charged  mica  
surfaces  under  these  conditions  due  to  the  negatively  charged  sugar-­‐‑phosphate  
backbone  of  DNA  and  the  presence  of  cations.  The  face  of  the  origami  that  binds  to  mica  
is  slightly  biased  due  to  the  solution  curvature,  in  this  case  side  A  refers  to  the  concave  
side  and  side  B  to  the  convex  side  (see  Chapter  3).  However,  once  absorbed  onto  the  
mica,  it  is  impossible  to  differentiate  between  faces  displaying  protein  on  the  symmetric  
tall  rectangle  origami  used  in  these  experiments.  Correspondingly,  whether  the  protein  
is  trapped  under  the  origami  near  the  mica  or  freely  floating  on  top  of  the  origami  is  also  
indistinguishable.  Either  way,  the  protein  is  still  visible  by  AFM.  Ultimately,  the  best  
way  to  characterize  these  samples  to  determine  the  yield  or  frequency  of  DiST  and  
pMHC  binding  is  by  analyzing  each  face  of  the  origami  separately.  The  following  
samples  were  annealed  and  analyzed  via  AFM  (see  Figure  34):  A-­‐‑Cent-­‐‑1DiST,  B-­‐‑Cent-­‐‑
1DiST,  A-­‐‑Cent-­‐‑4DiST,  B-­‐‑Cent-­‐‑4DiST,  A-­‐‑Out-­‐‑4DiST,  and  B-­‐‑Out-­‐‑4DiST.    
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Figure  34:  AFM  images  of  each  origami  sample  incubated  with  DiST.  Each  
image  is  1  µμm  square  with  a  250  nm  square  inset. 
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Figure  35:  AFM  images  of  each  origami-­‐‑DiST  sample  incubated  with  pMHC.  
Each  image  is  1  µμm  square  with  a  250  nm  square  inset.  
Maintaining  consistent  imaging  techniques  between  each  sample  and  image  is  
critical  since  measurements  from  each  sample  and  image  are  compared  to  determine  
binding  yields.  The  instrumentation  and  software  used  for  AFM  imaging  and  analysis  
are  the  Cypher  S  and  the  supporting  software  (MFP3D  13.01.68)  loaded  through  the  Igor  
Pro  environment  (6.22A).  Combined  with  sharp  (tip  radius  ~  9nm)  BioLever  Mini  AFM  
tips,  we  are  routinely  able  to  obtain  very  high  resolution.  Imaging  is  performed  in  
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frequency  modulation  mode,  such  that  the  drive  frequency  is  changed  to  maintain  the  
cantilever’s  phase  at  90°.  Also,  the  amplitude  set  point  is  maintained  at  a  specified  value  
while  changing  the  drive  amplitude  to  make  light  contact  with  the  surface.  This  process  
removes  variability  in  the  height  of  the  cantilever  above  each  sample  as  well  as  
maintaining  the  same  phase  of  cantilever  oscillation.    For  data  analysis,  two  channels  are  
considered:  Height  and  ZSensor.  The  height  data  is  collected  from  the  voltage  of  the  Z-­‐‑
axis  scaled  by  the  piezo  actuators.  This  data  is  what  is  typically  published.  The  height  
data  collected  on  the  ZSensor  channel  is  measured  by  the  linear  variable  differential  
transformer  (LVDT)  sensor  on  the  z-­‐‑axis,  which  is  National  Institute  of  Standards  and  
Technology  (NIST)  standardized  and  more  linear  than  the  piezo  actuators,  making  this  
height  more  precise  (measurement  in  the  Z-­‐‑axis).  Therefore,  all  height  data  are  collected  
from  ZSensor  images.  
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Figure  36:  Images  show  the  progression  of  image  processing  from  the  raw  data  
to  the  flattened  image  used  for  particle  analysis.  
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Images  collected  in  the  above  manner  are  then  processed  for  image  analysis.  The  
progression  of  image  processing  is  shown  in  Figure  36.  Each  sample  surface  and  sample  
image  are  not  perfectly  consistent  in  slope.  The  raw  ZSensor  data  is  first  plane  fit  with  
order  1  in  both  x  and  y  axes,  that  is  a  first  order  polynomial  surface  is  subtracted  from  
the  image  to  best  equalize  the  plane  that  the  data  is  collected  on.  As  scanning  is  
performed,  each  scan  line  is  susceptible  to  shifting  and  is  flattened  using  a  zeroth  order  
flatten  on  every  line  of  the  image.  Typically,  the  zeroth  order  flattening  is  not  enough  to  
remove  variances  along  scan  lines.  To  avoid  altering  the  data  of  interest  (the  origami  and  
proteins),  a  mask  is  put  on  the  image.  Masks  are  calculated  using  the  iterative  process  
(calculated  using  Wavemetrics  Image  Threshold  function)  or  manually  by  visualizing  
ensuring  that  all  origami  are  enclosed  in  the  mask.  Then  another  zeroth  order  flattening  
is  applied.  These  masking  and  flattening  processes  are  repeated  two  more  times  with  a  
first  order  flatten.  Once  the  background  of  an  image  is  reasonably  flat  (to  not  interfere  
with  thresholding  of  origami  or  proteins),  images  are  thresholded  to  either  highlight  
origami  or  just  proteins.  Highlighting  origami  is  performed  by  doing  an  iterative  mask  
or  manually  by  moving  the  threshold  bar  on  the  histogram  (see  Figure  37).  Highlighting  
only  proteins  is  done  manually  by  placing  the  bar  of  the  histogram  on  the  shoulder  of  
the  peak  such  that  the  proteins  look  fully  highlighted.  Thresholded  images  are  analyzed  
using  the  particle  analysis  tool  within  the  Wavemetrics  software.  This  software  
calculates  particles  by  taking  the  average  height  of  the  thresholded  particle  (on  the  z-­‐‑
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axis),  subtracting  the  average  height  of  the  surface  (everything  that  is  not  thresholded),  
and  multiplying  this  height  by  the  area  of  the  particle.  The  background  “surface”  of  
these  samples  includes  the  height  of  the  mica  and  the  origami.  Calculating  the  average  
height  of  this  complex  surface  will  not  give  accurate  measurements  for  the  volume  of  
each  protein.  Instead,  the  entire  background  (everything  other  than  the  proteins)  is  set  to  
a  baseline  of  zero.  Then,  the  volumes  of  proteins  on  origami  may  be  calculated  using  the  
particle  analysis  tool  because  the  average  background  height  is  now  zero  (see  Appendix  
C).  Protein  spots  only  corresponding  with  origami  are  specifically  selected  for  their  
volume  data.  Further  computational  analysis  is  performed  by  importing  these  data  into  
OriginPro  to  produce  histograms  and  fit  distribution  curves.  
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Figure  37:  Images  show  masking  of  A)  origami  and  B)  DiST  with  
corresponding  thresholding  histogram.  
After  careful  AFM  imaging  and  image  analysis,  the  volume  data  are  input  into  
Origin  for  display  and  comparison.  Histogram  data  displays  the  frequency  that  an  
imaged  spot  occurs  within  a  certain  range  of  volumes  as  shown  by  a  bar  in  the  bar  
graphs  below.  The  volume  data  representing  a  single  DiST  bound  to  an  origami  are  fit  
using  the  “single  peak  fit”  Origin  function,  which  fits  a  Gaussian  distribution  with  one  
peak.  A  single  distribution  should  represent  1DiST  data  because  all  measured  volumes  
should  correspond  to  the  binding  of  one  DiST  molecule  to  an  origami  by  design.  Data  
from  individual  images  are  each  fit  to  single  Gaussians  and  are  normalized  by  
subtracting  from  each  data  point  the  difference  between  the  mean  of  individual  images  
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and  the  most  populated  peak  from  the  full  data  set.  The  original  and  normalized  volume  
data  for  both  sides  of  the  origami  are  shown  in  Figure  38  and  Figure  39.  Similarly,  
volume  data  measured  from  origami  with  a  single  pMHC  bound  to  one  DiST  for  each  
face  of  the  origami  are  shown  in  Figure  40  and  Figure  41.  Samples  programmed  to  have  
1-­‐‑pMHC  display  a  bi-­‐‑modal  distribution  with  some  origami  only  having  one  DiST  and  
some  having  both  DiST  and  pMHC.  The  distribution  for  1-­‐‑DiST  for  each  origami  face  is  
known  from  the  previous  experimental  data.  Therefore,  that  distribution  is  fixed,  and  
the  leftover  data  is  fit  to  a  second  Gaussian  distribution.  The  cumulative  fit  is  shown  in  
the  figures.  Variances  in  individual  images  are  taken  into  account  again  by  
normalization  of  the  images  most  populated  peak  to  either  the  mean  of  the  “1-­‐‑DiST”  
distribution  or  the  mean  of  the  “1-­‐‑pMHC”  distribution.  After  normalization,  the  
percentage  of  pMHC  binding  is  determined  by  calculating  the  areas  under  the  
distributions  fit  to  the  total  data  set.  
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Figure  38:  Histograms  of  the  volumes  of  1  DiST  on  tall  rectangle  origami,  side  
A,  as  measured  by  tapping  mode  AFM  in  liquid.  A)  Data  from  all  images.  B)  Data  
separated  by  image.  C)  Data  from  all  images  after  normalization  of  each  image  to  the  
mode  in  A.  D)  Normalized  data  separated  by  image.  All  single  Gaussian  fits  were  
calculated  using  Origin.  
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Figure  39:  Histograms  of  the  volumes  of  1  DiST  on  tall  rectangle  origami,  side  
B,  as  measured  by  tapping  mode  AFM  in  liquid.  A)  Data  from  all  images.  B)  Data  
separated  by  image.  C)  Data  from  all  images  after  normalization  of  each  image  to  the  
mode  in  A.  D)  Normalized  data  separated  by  image.  All  single  Gaussian  fits  were  
calculated  using  Origin.  
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Figure  40:  Histograms  of  the  volumes  of  the  sample  programmed  to  display  1-­‐‑
pMHC  on  tall  rectangle  origami,  side  A,  as  measured  by  tapping  mode  AFM  in  liquid.  
A)  Data  from  all  images.  B)  Data  separated  by  image.  C)  Data  from  all  images  after  
normalization  of  each  image’s  most  populated  peak  to  either  the  1-­‐‑DiST  mean,  as  
determined  previously,  or  to  the  1-­‐‑pMHC  peak,  determined  by  a  bi-­‐‑modal  Gaussian  
fit  after  setting  mode  one  to  the  distribution  of  1-­‐‑DiST.  D)  Normalized  data  separated  
by  image.  All  single  Gaussian  fits  were  calculated  using  Origin.  
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Figure  41:  Histograms  of  the  volumes  of  the  sample  programmed  to  display  1-­‐‑
pMHC  on  tall  rectangle  origami,  side  B,  as  measured  by  tapping  mode  AFM  in  liquid.  
A)  Data  from  all  images.  B)  Data  separated  by  image.  C)  Data  from  all  images  after  
normalization  of  each  image’s  most  populated  peak  to  either  the  1-­‐‑DiST  mean,  as  
determined  previously,  or  to  the  1-­‐‑pMHC  peak,  determined  by  a  bi-­‐‑modal  Gaussian  
fit  after  setting  mode  one  to  the  distribution  of  1-­‐‑DiST.  D)  Normalized  data  separated  
by  image.  All  single  Gaussian  fits  were  calculated  using  Origin.  
The  average  volumes  for  one  DiST  designed  to  bind  to  the  center  of  side  A  and  
side  B  of  the  tall  rectangle  origami  are  126  nm3  and  142  nm3,  respectively.  Similarly,  the  
volumes  of  bound  pMHC  also  differ  between  side  A  and  B:  325  nm3  and  486  nm3.  Also,  
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the  percentage  of  pMHC  bound  to  the  origami  on  side  A  as  visualized  by  AFM  is  
significantly  decreased  from  that  bound  to  side  B  (Figure  42  A).  These  variances  may  be  
explained  based  on  discussions  about  global  curvature  of  origami  from  Chapter  4.  Due  
to  staple  crossover  positions,  the  tall  rectangle  origami  is  inherently  curved.  This  
curvature  biases  the  orientation  of  origami  when  binding  to  a  mica  surface.  Side  A  of  the  
origami  lands  on  mica  facing  upward  ~70%  of  the  time,  as  modeled  by  CanDo  and  
visualized  by  AFM  using  an  asymmetric  notched  rectangle  (Figure  42  B).  
Correspondingly,  origami  with  proteins  bound  on  side  A  will  more  frequently  land  
facing  upward  on  top  of  the  origami,  while  proteins  bound  on  side  B  will  more  
frequently  land  trapped  underneath  the  origami.  When  the  AFM  tip  scans  the  origami  
sample  with  the  bound  protein  lying  underneath  the  origami,  the  sensed  surface  area  is  
larger,  which  increases  the  measured  volume  of  the  protein.  The  protein  lying  on  top  of  
the  origami  may  be  knocked  off  by  the  scanning  AFM  tip  easier  than  the  protein  trapped  
under  the  origami,  which  will  decrease  the  apparent  percentage  of  bound  pMHC  on  
side  A  (Figure  42  C).  These  percentages  of  bound  pMHC  as  determined  by  AFM  are  
underestimations  of  the  binding  probability  in  solution  due  to  tip  perturbation.  
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Figure  42:  A)  Summary  of  the  results  for  volume  measurements  of  DiST  and  
pMHC  designed  to  bind  to  side  A  or  B  of  tall  rectangle  origami.  B)  CanDo  models  of  
assymetric  origami  with  data  from  origami  orientations  as  visualized  by  AFM.  C)  
Schematic  of  probable  orientation  of  origami  with  proteins  bound.  
For  the  origami  designed  to  bind  four  DiSTs,  four  distributions  are  fit  to  the  data.  
The  data  are  normalized  similarly  as  done  above.  The  most  populated  peak  of  the  
histogram  of  the  data  from  each  image  is  normalized  to  one  of  the  most  populated  peaks  
from  the  total  data  set.  After  normalization,  the  total  data  set  is  fit  to  four  distributions.  
The  first  Gaussian  distribution  was  determined  above  from  the  one  DiST  data.  The  other  
three  distributions  are  chosen  using  the  multipeak  fitting  function  in  Origin,  setting  the  
parameters  of  the  first  fit  to  those  determined  above.  The  area  under  these  curves  
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between  the  intersections  of  the  distributions  gives  an  estimate  for  the  probability  of  
binding  1,  2,  3,  or  4  DiST  on  each  origami  face.  The  percentages  for  achieving  four  DiSTs  
on  sides  A  and  B  of  the  origami  are  similar:  19.6%  and  13.5%,  respectively  (see  Figure  43  
and  Figure  44).  The  low  percentage  of  binding  4  DiSTs  combined  with  such  a  low  
percentage  of  1  DiSTs  bound  led  us  to  further  investigate  the  binding  of  DiSTs  in  this  
configuration  in  the  center  of  the  origami.    
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Figure  43:  Histograms  of  the  volumes  of  origami  designed  to  display  4  DiSTs  
in  the  center  of  tall  rectangle  origami,  side  A,  as  measured  by  tapping  mode  AFM  in  
liquid.  A)  Data  from  all  images.  B)  Data  separated  by  image.  C)  Data  from  all  images  
after  normalization  of  each  image  to  the  mode  in  A.  D)  Normalized  data  separated  by  
image.  All  single  Gaussian  fits  were  calculated  using  Origin.	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Figure  44:  Histograms  of  the  volumes  of  origami  designed  to  display  4  DiSTs  
in  the  center  of  tall  rectangle  origami,  side  B,  as  measured  by  tapping  mode  AFM  in  
liquid.  A)  Data  from  all  images.  B)  Data  separated  by  image.  C)  Data  from  all  images  
after  normalization  of  each  image  to  the  mode  in  A.  D)  Normalized  data  separated  by  
image.  All  single  Gaussian  fits  were  calculated  using  Origin.  
The  design  for  the  placement  of  four  DiSTs  in  the  center  of  the  origami  places  
biotins  in  a  diamond  pattern,  whose  geometry  is  estimated  from  the  dimensions  of  the  
DNA  helix.  Additionally,  each  biotin  is  connected  to  the  DNA  staple  with  a  2-­‐‑thymine  
linker  (T-­‐‑T).  This  linker  adds  an  additional  1.35  nm  (at  0.676  nm  per  single-­‐‑stranded  
nucleobase)  (Chi,  Wang  et  al.  2013).  Figure  45  shows  the  distances  between  each  DiST,  
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not  including  the  linker  length.  Distances  between  two  DiSTs  vary:  #1  and  #3  is  10.6  nm,  
#1  and  #2  is  5.9  nm,  and  #2  and  #4  is  5.2  nm.  We  hypothesized  that  these  variances  may  
affect  the  volumes  of  multiple  DiSTs  bound.  Thus,  samples  were  prepared  with  2  DiSTs  
in  each  of  the  above  configurations.  The  results  from  measuring  volumes  of  2  DiSTs  
bound  in  these  different  configurations  show  that  there  is  a  much  greater  percentage  of  
getting  two  DiSTs  bound  in  the  #1  and  #3  configuration  than  in  the  other  two  
configurations  (see  Figure  45).  Additionally,  the  distance  between  DiST  #1  and  #3  is  
large  enough  to  be  distinguishable  by  AFM  in  a  2  µm  scan  (see  Figure  46  B).  By  
visualizing  multiple  AFM  images,  the  number  of  origami  displaying  2,  1,  or  0  DiSTs  are  
counted  and  the  percentage  of  origami  with  2,  1,  or  0  DiST  are  83%,  16%,  and  1%,  
respectively,  as  shown  in  Figure  46  C.  The  volumes  of  protein  patches  on  each  AFM  
image  are  normalized  as  discussed  above  and  shown  in  a  histogram  in  Figure  46  D.  
Fitting  the  data  to  two  Gaussian  curves  and  integrating  under  each  fit  gives  the  
percentage  of  origami  displaying  2  and  1  DiST  (85%  and  15%).  Visibly  counting  or  
measuring  the  volumes  of  proteins  on  origami  produce  very  similar  results,  which  
verifies  our  methodologies  for  volume  measurements.  However,  the  lower  probability  
of  getting  two  DiSTs  in  either  the  #1  and  #2  or  the  #2  and  #4  configuration  necessitates  a  
redesign  of  the  binding  sites  to  position  DiSTs  in  the  center  of  the  origami.  By  spreading  
out  biotin  sites  #2  and  #4,  we  would  expect  a  higher  probability  of  binding  DiSTs  in  the  
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center  of  the  origami.  This  new  design  would  be  preferred  to  ensure  high  binding  
efficiency  of  pMHCs  in  this  packed  configuration.  
  
Figure  45:  Normalized  histograms  for  two  DiSTs  designed  to  bind  on  face  A  of  
the  origami  in  different  configurations.  
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Figure  46:  Two  DiSTs  designed  to  bind  on  side  A  of  the  origami  at  positions  1  
and  3.  A)  Schematic  and  dimensions  of  biotins  on  origami.  B)  Example  AFM  scan  of  
A-­‐‑2DiST_1&3  sample.  C)  Percentage  of  2,  1,  or  0  DiSTs  bound  to  origami  as  
visualized  by  AFM  (n  =  436  origami  counted).  D)  Volumes  of  protein  patches  on  
origami  as  measured  by  AFM.  Each  image  is  normalized  as  discussed  above.  
The  origami  displaying  four  DiSTs  spread  out  at  ~30nm  apart  are  easily  
visualized  by  AFM.  Each  image  is  analyzed  by  counting  the  number  of  DiSTs  on  each  
origami.  The  yields  of  origami  with  four  DiSTs  on  origami  side  A  and  B  are  72%  and  
75%,  respectively.  Figure  shows  the  different  percentages  of  origami  displaying  0,  1,  2,  3,  
or  4  DiSTs.  This  high  yield  for  the  binding  of  DiST  binding  over  the  yields  calculated  in  
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the  tight  clustered  configuration  could  be  attributed  to  a  number  of  factors.  As  discussed  
above,  the  biotin  sites  on  the  tightly-­‐‑packed  configuration  are  only  6  nm  apart.  The  
binding  of  individual  DiSTs  to  each  biotin  could  be  sterically  hindered  due  to  the  
presence  of  already  bound  DiSTs.  Thus,  the  binding  efficiencies  of  each  DiST  to  biotins  
close  together  may  not  be  independent.  One  way  to  decrease  the  steric  hindrance  of  
DiSTs  binding  in  the  center  of  the  origami  would  be  to  increase  the  linker  length  
(currently  two  T  residues  between  paired  bases  and  biotin  moiety).  Another  factor  for  
the  lower  yield  as  measured  by  AFM  could  be  due  to  the  imaging  process.  The  number  
of  proteins  bound  was  inferred  by  the  volume  of  raised  spots  on  origami.  The  closely  
packed  proteins  in  solution  could  move  around  when  the  AFM  tip  makes  contact.  This  
perturbation  upon  imaging  could  decrease  the  volume  of  the  protein  cluster,  broadening  
the  distribution  for  the  number  of  origami  with  four  DiSTs.  Relatedly,  the  tip  radius  and  
the  pixel  density  of  the  images  limit  the  precision  of  measuring  the  area  of  protein  
clusters.  Biolever-­‐‑mini  AFM  tips  (typical  tip  radius  =  10  nm)  are  rated  as  one  of  the  
highest  resolution  AFM  tips  for  soft  samples  in  liquid.  Even  with  high-­‐‑resolution,  small  
tips,  protein  areas  could  be  increased  due  to  tip  broadening.  The  set  of  images  from  
which  volume  measurements  were  taken  are  all  2  µμm  with  1024  pixels  per  scan  line.  
Each  pixel  on  this  scan  represents  1.95  nm.  A  single  streptavidin  protein  boasts  a  
hydrodynamic  radius  of  3.7  nm  (Wu  and  Wong  2005).  Assuming  an  area  of  a  circle,  one  
streptavidin  is  43  nm2  or  3.4  x  3.4  pixels.  Measurements  of  a  single  streptavidin  by  AFM  
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could  vary  based  on  the  integer  requirement  of  pixels,  producing  a  smaller  or  larger  
volume.  The  volume  of  a  globular  protein  may  be  estimated  based  on  its  molecular  
weight  using  the  following  equation:  Vh  =  (M/NA)(V2  +  δ1V1),  where  M  is  the  molecular  
weight  of  the  protein,  NA  is  Avagadro’s  number,  V2  is  the  partial  specific  volume  of  the  
protein  (0.74  cm3/g),  δ1  is  the  extent  of  hydration  of  the  protein,  and  V1  is  the  partial  
specific  volume  of  water  (1  cm3/g)  (Edstrom,  Meinke  et  al.  1990).  For  fully  hydrated  
DiST,  Vh  is  173  nm3.  Our  average  measurements  of  the  volume  of  one  DiST  on  origami  
sides  A  and  B,  126  nm3  and  142  nm3,  respectively,  are  slightly  smaller  than  the  value  
estimated  from  its  molecular  weight.  Again,  this  discrepancy  is  likely  due  to  factors  as  
discussed  above.  
  
Figure  47:  The  percentage  of  origami  with  0,  1,  2,  3,  or  4  DiSTs  in  the  spread  
out  configuration  for  each  face  of  the  tall  rectangle  origami.  
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The  goal  for  these  assemblies  is  to  introduce  them  into  T  cell  assays  to  measure  T  
cell  receptor  binding  kinetics  when  TCRs  are  introduced  to  pMHCs  in  various  
configurations.  One  of  the  concerns  for  cellular  research  involving  DNA  origami  is  their  
stability  in  cellular  media.  In  general,  DNA  (single  and  double-­‐‑stranded)  degrades  in  the  
presence  of  intracellular  and  extracellular  environments  (Luo  and  Saltzman  2000).  One  
remarkable  discovery  is  that  DNA  origami  degradation  in  cell  lysate  is  significantly  
slowed  as  compared  to  single  stranded  or  double  stranded  DNA  (Mei,  Wei  et  al.  2011).  
The  substantial  increase  in  stability  of  origami  as  compared  to  its  parts  is  promising  for  
its  use  in  future  cell-­‐‑related  systems.  The  T  cell  adhesion  assay  utilizes  a  protein  media  
appropriate  for  cell  surface  receptor  binding  to  proteins  called  L-­‐‑15  (Leibovitz  medium)  
supplemented  with  5  mM  HEPES  (pH  7)  and  1%  BSA.  This  L-­‐‑15  media’s  high  salt  and  
amino  acid  concentrations  could  lead  to  degradation  of  origami  or  complicate  data  
analysis.  To  test  the  stability  of  the  tall  rectangle  origami  in  this  media  for  the  duration  
of  an  assay  (2  hours),  origami  samples  were  incubated  for  30  min,  1  hr,  and  2  hrs.  AFM  
imaging  in  this  media  proved  to  be  difficult,  as  also  seen  for  other  cell  medias  by  our  
colleagues  (Mei,  Wei  et  al.  2011).  Both  BSA  and  amino  acids  within  this  media  tend  to  
coat  the  mica  surface,  making  it  virtually  impossible  to  visualize  the  origami.  
Additionally,  BSA  is  difficult  to  remove  via  filtering.  Therefore,  the  origami  samples  
were  only  incubated  in  L-­‐‑15/5  mM  HEPES.  After  the  specified  incubation  periods,  
origami  samples  were  filtered  of  excess  media,  rinsed  with  buffer,  and  imaged.  As  
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shown  in  Figure  48,  very  little  difference  is  observed  between  the  individual  origami  
pieces  from  the  different  samples.  We  conclude  that  DNA  origami  is  sufficiently  stable  
within  in  the  environment  necessary  for  the  T  cell  assays.  
  
Figure  48:  Tall  rectangle  origami  filterd  after  different  incubation  times  in  L-­‐‑
15/5  mM  HEPES  media.  A)  No  incubation,  B)  30  minutes,  C)  1  hour,  and  D)  2  hours.  
6.4 Conclusions  
We  have  successfully  designed  and  characterized  DNA  origami  structures  that  
display  proteins  in  programmed  patterns  and  form  with  high  yield.  Divalent  
streptavidin  proteins  are  arranged  on  origami  by  biotinylating  specific  staple  strands  on  
tall  rectangle  origami.  The  three  designs  are  functionalized  on  both  faces  of  the  origami:  
A  and  B.  Three  assemblies  were  characterized:  1)  a  single  DiST  in  the  center,  2)  a  closely  
packed  cluster  of  four  DiSTs  in  the  center,  and  3)  four  DiSTs  spread  out  ~30  nm  apart.  
Biotinylated-­‐‑mutant  pMHC  proteins,  specific  ligands  for  T  cell  receptors,  are  then  
targeted  to  bind  to  these  DiST  molecules,  thereby  controlling  the  configuration  of  pMHC  
presented  to  the  T  cells.  These  experiments  show  the  limitations  of  binding  globular  
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proteins  to  origami  via  biotin-­‐‑streptavidin,  which  is  useful  knowledge  in  moving  
forward  to  designing  and  assembling  functional  materials  using  DNA  origami.  The  
ability  to  specifically  display  programmed  patterns  of  pMHC  molecules  by  utilizing  the  
unique  organizational  ability  of  DNA  origami  will  further  investigations  about  TCR  
binding  kinetics  and  activation.    
6.5 Methods  
Reagents. DNA  staple  strands  with  and  without  biotin  labels  were  purchased  
from  Integrated  DNA  Technologies  (IDT,  Coralville,  IA).  Divalent  streptavidin  (DiST)  
and  biotinylated  pMHC  proteins  were  kindly  provided  by  the  Zhu  lab  (Georgia  Tech,  
Atlanta,  GA).  Chemicals  used  for  buffers,  media,  and  gels  were  purchased  from  Sigma-­‐‑
Aldrich  Corporation  (St.  Louis,  MO).   
Origami  Formation  and  Protein  Attachment.  Samples  were  prepared  by  mixing  
ssM13mp18  (Bayou  Biolabs,  Metairie,  LA)  with  the  respective  staple  pool  (10x  molar  
excess  staples  to  scaffold  and  20x  molar  excess  biotinylated  staples  to  scaffold)  in  the  
presence  of  1xTAE/Mg2+  (40  mM  Tris-­‐‑HCl  (pH  8.0),  20  mM  acetic  acid,  2  mM  EDTA,  and  
12.5  mM  magnesium  acetate).  Thermal  anneals  consisted  of  heating  to  80  °C  at  the  
instrument’s  maximum  rate,  holding  for  5  min,  cooling  to  20  °C  over  2  hours,  and  a  
quick  drop  to  4  °C  in  a  Techne  TC-­‐‑3000  Thermal  Cycler.  All  samples  were  held  at  4  °C  
for  at  least  2  hours  prior  to  filtering  and  AFM  imaging.  Samples  were  filtered  in  
centrifugal  filters  with  100kDa  MWCO  (Ultracel  YM-­‐‑100,  EMD  Millipore  Corporation,  
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Billerica,  MA)  at  5k  rpm  for  2  minutes,  washed  3  times  with  1xTAE/Mg2+,  and  dispensed  
into  new  microfuge  tubes.  Samples  were  then  incubated  at  4  °C  for  12  hours  with  DiST  
at  10x  molar  excess  to  binding  sites  on  the  origami  sample  prior  to  AFM  imaging.  For  
pMHC  addition,  the  DiST  coated  origami  were  again  filtered  of  excess  DiST  following  
the  above  procedure.  Biotinylated  pMHC  was  added  to  the  sample  at  10x  molar  excess  
to  biotin  sites  on  the  origami  and  incubated  at  4  °C  for  12  hours  prior  to  AFM  imaging.  
AFM  Imaging.  AFM  imaging  was  performed  on  a  Cypher  S  (Asylum  Research,  
Santa  Barbara,  CA)  with  a  droplet  cantilever  holder  kit.  Samples  were  prepared  by  
pipetting  5  µμL  of  annealed  origami  onto  freshly-­‐‑cleaved  mica.  Origami  was  allowed  to  
incubate  on  mica  for  3  minutes  before  applying  60  µμL  of  1xTAE/Mg2+  for  tapping  mode  
AFM  under  buffer  using  silicon  nitride  BioLever  Mini  AFM  tips  (Olympus  Corporation,  
Tokyo,  Japan).  
AFM  Image  Analysis.  AFM  images  were  collected  and  processed  using  Asylum  
Research  MFP3D  13.01.68  software  run  on  the  Igor  Pro  6.22A  platform.  The  particle  
analysis  tool  in  MFP3D  was  used  for  all  volume  measurements  of  origami  and  proteins.  
Post-­‐‑processing  of  this  data  was  performed  using  OriginPro  (Origin  Lab,  Corp.,  
Northampton,  MA).  The  cell  counter  plug-­‐‑in  in  ImageJ64  1.47  supported  counting  of  
origami  and  proteins  on  origami  in  AFM  images.  
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7. DNA Origami Design for Functional Photonic Device 
7.1 Introduction  
The  fields  of  nanophotonics  and  metamaterials  are  focused  on  achieving  efficient  
control  over  light  on  the  nanoscale,  where  a  remarkable  range  of  new  phenomena  are  
found  including  new  and  unusual  optical  properties,  such  as  magnetism  at  optical  
frequencies,  negative  refractive  index,  large  positive  refractive  index,  zero  reflection  
through  impedance  matching,  perfect  absorption,  giant  circular  dichroism,  and  
enhanced  nonlinear  optical  properties  (Soukoulis  and  Wegener  2011).  Many  theorists  
have  modeled  the  effects  from  various  theoretical  materials,  but  few  have  been  brought  
to  reality,  and  even  fewer  to  commercialization.    Some  of  the  hurdles  to  achieving  the  
goal  of  producing  a  useable  material  are  manufacturing  a  truly  three-­‐‑dimensional  
structure  that  stands  as  a  unit  cell,  which  is  further  organized  in  three  dimensions  to  
increase  signal  to  noise  ratios.  It  is  also  imperative  to  have  precise  control  over  the  
parameters  of  the  structure  in  each  unit  cell  down  below  the  wavelength  of  light.  In  
order  to  reach  optical  frequencies,  the  parameters  of  this  material  have  to  be  
miniaturized  to  the  nanometer  scale.  
Each  of  the  above  design  challenges  can  be  met  by  various  achievements  of  DNA  
origami.  However,  a  single  DNA  origami  structure  capable  of  fulfilling  all  of  the  above  
requirements  has  not  been  designed  due  to  the  inability  to  coordinate  many  design  
parameters  into  one  structure  because  the  conventional  scaffold  is  too  small.  The  51K-­‐‑nt  
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scaffold  we  designed  and  produced  (Chapter  4)  provides  a  large  enough  template  to  
form  a  complex,  three-­‐‑dimensional  structure  with  controllable  nanometer-­‐‑scale  features  
and  structure-­‐‑to-­‐‑structure  spatial  organization  capabilities  integrated  into  the  design.  
Using  the  length  of  the  51K-­‐‑nt  scaffold,  we  propose  the  design  of  a  single  DNA  origami  
structure  capable  of  incorporating  multiple  key  developments  of  the  field  into  a  single,  
functional  DNA  assembly,  which  was  previously  impossible  due  to  the  constraints  on  
scaffold  length.  In  particular,  our  design  incorporates  three-­‐‑dimensionality  (Douglas,  
Dietz  et  al.  2009),  curvature  (Dietz,  Douglas  et  al.  2009),  precise  nanoparticle  binding  
(Kuzyk,  Schreiber  et  al.  2012),  geometric  arrangement  based  on  blunt-­‐‑end  stacking  
interactions  between  assemblies  (Woo  and  Rothemund  2011),  enhanced  folding  based  
on  strand  routing  (Ke,  Bellot  et  al.  2012),  and  an  interface  for  incorporation  onto  
lithographically  patterned  surfaces  (Kershner,  Bozano  et  al.  2009).    
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7.2 Results 
  
Figure  49:  51K-­‐‑nt  DNA  origami  for  photonics  applications.    
The  DNA  origami  structure  in  Figure  49  was  designed  using  the  open  source  
DNA  origami  program  CaDNAno  (Douglas,  Marblestone  et  al.  2009).  Each  section  (as  
designated  by  the  different  colors)  was  designed  in  separate  files  due  to  limitations  in  
the  computational  infrastructue,  and  the  three-­‐‑dimensional  views  were  brought  together  
using  Autodesk  Maya,  3D  animation  software.  After  inputting  a  scaffold  sequence,  
staple  sequences  (~1400  unique  oligos  at  ~42-­‐‑nt  each)  are  output  corresponding  to  the  
folding  of  the  scaffold  into  this  desired  construction.  Additional  images  for  the  design  of  
each  section  of  the  vertical  rod  along  with  staple  sequences  are  found  in  Appendix  D.  
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As  described  in  Chapter  4,  and  effectively  utilized  by  Dietz  et.  al.  (Dietz,  Douglas  
et  al.  2009),  the  global  curvature  of  origami  structures  can  be  readily  designed  into  the  
structure  by  varying  the  number  of  base  pairs  between  strands  crossing  over  to  the  
neighboring  helices.  In  a  three-­‐‑dimensional  object,  this  curvature  can  be  more  
pronounced  and  better  controlled  by  utilizing  a  set  of  helices  packed  in  a  bundle  of  at  
least  three  layers.  Specifically  deleting  bases  on  the  helices  along  the  inside  of  the  curve  
and  inserting  bases  to  the  helices  along  the  outside  of  the  curve  provides  a  cooperative  
effect  capable  of  producing  bundles  bent  to  180°  with  a  radius  of  curvature  of  6  nm.  The  
curvature  of  the  connection  between  the  vertical  rod  and  the  base  is  designed  by  
specifically  varying  the  number  of  bases  between  crossovers  in  different  helices  that  go  
from  the  base  up  into  the  twenty-­‐‑four  helix  bundle  through  two  designed  90°  curves  
(see  Figure  50).  This  section  of  the  design  was  submitted  to  CanDo  to  predict  the  
solution  conformation  (Kim,  Kilchherr  et  al.  2012).  The  output  file  of  the  deformed  
structure  was  imported  into  Maya  after  proper  file  conversion  through  Chimera  
(Pettersen,  Goddard  et  al.  2004).  The  predicted  solution  curvature  of  that  section  of  the  
design  was  then  compared  to  the  design  constructed  in  Maya.  The  designed  contacts  
between  this  curved  section  and  the  neighboring  helices  corresponded  properly  and  
designed  spacing  matched  nicely.  
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Figure  50:  Design  of  the  curved  portion  of  the  vertical  rod.  A)  The  helices  as  
numbered  in  the  CaDNAno  .json  file.  B)  A  Cando  model  of  how  the  design  is  bent  in  
solution.  C)  The  number  of  basepairs  along  a  span  of  15  crossover  planes.  D)  To  
produce  the  basepair  content  shown  in  C),  specific  insertions  and  deletions  of  
basepairs  along  each  helix  are  required.    
The  base  of  the  vertical  rod  is  a  single-­‐‑layer  of  corrugated  helices  along  a  
hexagonal  lattice.  Stacking  interactions  along  the  base  of  the  vertical  rod  are  enhanced  
by  designing  staples  that  end  bluntly  at  each  edge  (see  Figure  51).  As  shown  previously  
by  Woo  et.  al.,  this  “relaxed  edge”  configuration  encourages  base  stacking  interactions  
along  edges  to  be  strictly  antiparallel  (Woo  and  Rothemund  2011).  This  distinction  is  in  
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contrast  to  the  traditional  origami  designs  where  staples  cross  over  into  neighboring  
helices  at  the  edges.  The  base  pairs  formed  between  the  scaffold  and  the  staple  on  this  
edge  are  constrained,  producing  a  “stressed  edge”.  This  construction  leads  to  a  mixture  
of  parallel  and  antiparallel  base  stacking  interactions  between  origami  edges.  We  desire  
that  our  vertical  rod’s  horizontal  base  stack  with  neighboring  bases  consistently  in  
antiparallel  conformations  such  that,  when  patterned  on  a  surface,  the  structures  may  be  
further  organized  into  uniformly  space  2D  films.  A  higher  percentage  of  antiparallel  
base  stacking  interactions  will  lead  to  greater  numbers  of  correct  structure-­‐‑structure  
alignments  along  the  base  of  the  vertical  rod  when  electrostatically  bound  onto  a  
surface.  
  133  
  
Figure  51:  The  construction  of  staples  along  the  edges  of  DNA  origami  
contributes  to  the  ability  of  base  stacking.  A)  Staples  cross  over  into  the  neighboring  
helix  along  the  edge  producing  a  “stressed  edge”  where  base  pairing  is  stressed  
between  the  two  helices.  This  stress  leads  to  nonspecific  base  stacking  between  
origami  structures  in  solution.  B)  Blunt  ended  staples  on  the  edges  of  origami  relax  
the  conformation  of  the  basepairs  on  the  edges,  producing  a  “relaxed  edge”  where  
base  stacking  is  predominantly  in  the  antiparallel  conformation,  leading  to  specific  
stacking  between  neighboring  origami  along  their  edges.  
Specific  binding  of  gold  nanoparticles  (AuNPs)  is  a  key  component  to  this  design  
if  it  is  to  be  used  effectively  in  an  optical  setting.  Gold  nanoparticle  attachment  to  DNA  
  134  
origami  structures  is  frequently  utilized  for  various  applications  (Sharma,  Chhabra  et  al.  
2008,  Hung  and  Cha  2011,  Pilo-­‐‑Pais,  Goldberg  et  al.  2011,  Kuzyk,  Schreiber  et  al.  2012,  
Pal,  Dutta  et  al.  2013,  Schreiber,  Luong  et  al.  2013).  The  most  commonly  used  method  for  
attaching  AuNPs  to  DNA  constructs  is  through  strand  hybridization.  Staple  strands  
along  an  origami  construct  are  extended  with  specific  single-­‐‑stranded  sequences.  
Independently,  AuNPs  are  conjugated  with  the  complementary  sequence  via  direct  thiol  
binding  to  gold  surfaces  (Loweth,  Caldwell  et  al.  1999).  Some  applications  require  
control  over  the  number  of  oligos  conjugated  to  the  gold  nanoparticle  (Zanchet,  Micheel  
et  al.  2001).  However,  a  higher  yield  of  AuNPs  binding  to  origami  surfaces  is  achievable  
with  highly  coated  AuNPs.  Additionally,  a  higher  number  of  binding  oligos  on  the  
origami  at  each  binding  site  significantly  increases  the  efficiency  of  AuNP  bind,  as  tested  
up  to  four  oligos  per  binding  site  (Kuzyk,  Schreiber  et  al.  2012).  Therefore,  the  vertical  
rod  origami  is  designed  to  display  three  oligos  per  AuNP  binding  site.  
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Figure  52:  Schematic  of  oligos  along  the  24-­‐‑helix  bundle  for  gold  nanoparticle  
attachment.  Three  oligos  are  present  for  each  AuNP  binding  site  to  increase  binding  
yield.  
7.3 Discussion 
The  DNA  origami  design  will  specifically  position  gold  nanoparticles  with  >  2nm  
accuracy.  When  light  interacts  with  these  nanoparticles,  the  collective  plasmon-­‐‑plasmon  
interactions  are  enhanced  at  the  nanoparticle  interface.  The  helical  pattern  of  the  
nanoparticles,  as  defined  by  the  origami  structure,  will  exhibit  circular  dichroism  (CD)  
and  optical  rotatory  dispersion  effects  as  defined  by  the  directionality  (handedness)  of  
the  helical  pattern.  This  effect  has  already  been  studied  on  randomly  oriented  
nanoparticle  assemblies  in  solution  (Kuzyk,  Schreiber  et  al.  2012).  However,  the  helical  
assemblies  are  randomly  oriented  and  spaced  relative  to  each  other.  Each  nanoparticle  
spiral  can  be  thought  of  as  a  unit  cell  or  building  block  of  a  bulk  metamaterial.    If  the  
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spirals  were  to  be  either  arranged  vertically  or  horizontally,  the  directionality  of  the  
incoming  light  will  also  affect  the  optical  response  of  this  bulk  material.  Resonant  
interactions  between  each  unit  cell  will  also  change  based  on  the  spacing  of  the  unit  cells  
as  long  as  their  periodic  spacing  is  well  below  the  optical  wavelength.    
The  DNA  origami  design  incorporates  four  full  helical  turns  of  nanoparticles,  i.e.,  
four  unit  cells  stacked  at  a  precise  distance  between  each  unit  cell.  This  is  previously  
unobtainable  on  a  single  origami  structure  due  to  the  limiting  scaffold  length.  
Additionally,  the  extra  scaffold  permits  further  orientation  of  each  structure  by  multiple  
mechanisms:  vertical  alignment  by  either  lithographical  patterning  or  enhanced  
structure-­‐‑to-­‐‑structure  pairing  via  base  stacking  interactions  of  the  origami  base  assembly  
or  horizontal  alignment  by  not  folding  the  assembly’s  base,  creating  excess  scaffold  
strand  that  can  be  used  as  a  kite-­‐‑tail  to  direct  asymmetric  orientation  of  the  spirals  in  
electrospun  fibers.  These  organized,  three-­‐‑dimensional  patterns  will  produce  differing  
optical  effects  based  on  the  direction  of  the  incident  light  field,  thus  a  single  structure  
can  exhibit  many  complex  optical  properties.  
7.4 Conclusions 
Photonic  and  metamaterial  devices  require  precise  construction  of  materials  at  
scales  less  than  100  nm  to  be  effective  at  visible  wavelengths.  The  self-­‐‑assembling  ability  
of  DNA  into  complex  architectures  using  the  origami  technique  can  achieve  complexity  
with  very  high  precision  (<10  nm)  without  the  use  of  expensive  lithographic  
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instrumentation.  However,  the  scale  of  unique,  well-­‐‑formed  DNA  origami  structures  
has  been  limited  to  the  length  of  the  single-­‐‑stranded  M13  scaffold.  Our  lab  has  
developed  a  larger  scaffold  (see  Chapter  4)  that  allows  for  more  complex  designs,  
capable  of  integrating  many  different  construction  techniques  into  one  design.  Scaling  
the  origami  technique  can  lead  to  greater  applicability  of  constructs  into  diverse  fields.  
Specifically,  we  have  shown  how,  given  this  larger  scaffold,  an  origami  design  can  
overcome  some  of  the  difficult  tasks  in  producing  photonic  materials  useable  in  the  
visible  range.
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8. Conclusions 
The  field  of  nanotechnology  is  driven  by  the  phenomena  that  materials  
organized  at  small  dimensions,  less  than  100s  of  nanometers,  have  significantly  different  
properties  than  the  same  material  in  its  bulk  state.  The  ability  to  organize  and  control  
features  and  composition  at  the  nanometer  scale  leads  to  endless  possibilities  for  
improving  devices,  structures,  and  materials.  How  we  can  gain  control  down  at  that  
scale  is  the  challenge.  One  of  nature’s  greatest  factories,  the  cell,  has  evolved  to  contain  
the  machinery  to  build,  import,  and  export  molecules.  These  molecular  machines  
efficiently  construct  matter  using  chemical  forces.  Simulating  natural  processes,  
molecular  engineering  builds  up  materials  from  smaller  scales  (ultimately  aiming  for  
atom  by  atom)  via  self-­‐‑assembly.    
Structural  DNA  nanotechnology  is  one  of  the  most  promising  molecular  
engineering  techniques,  utilizing  DNA  for  its  structural  properties,  stability,  predictable  
conformation,  and  molecular  recognition.  Within  this  field,  DNA  origami  has  quieted  
cynicism  about  the  availability  of  arbitrary  structures  using  molecular  self-­‐‑assembly.  
Difficulty  in  the  scalability  of  DNA  origami  structures  has  waned  enthusiasm  over  its  
diverse  usefulness  for  two  reasons:  1)  size  is  directly  related  to  scaffold  length,  and  long,  
single-­‐‑stranded  DNA  scaffolds  are  hard  to  come  by  and  2)  as  scale  increases,  so  does  the  
cost  of  staple  strand  synthesis.  Our  research  is  directed  towards  overcoming  these  
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obstacles  such  that  DNA  origami  may  be  efficiently  utilized  to  support  multidisciplinary  
research.  
Ultimately,  we  have  advanced  the  capabilities  of  structural  DNA  
nanotechnology  by  increasing  the  complexity  and  addressable  surface  area  of  origami  in  
two  ways.  The  conventional  7,249-­‐‑nt  single-­‐‑stranded  M13  scaffold  limits  the  scale  (both  
surface  area  and  length)  of  fully-­‐‑addressable  origami  assemblies.  We  have  designed  
origami  structures  that  fold  both  strands  of  the  double-­‐‑stranded  M13  scaffold  into  an  
interconnected,  uniquely  addressable  ‘nanohouse’  structure,  doubling  the  surface  area  
of  a  single  origami.  Furthermore,  we  have  designed  larger  origami  that  assembles  from  a  
51,466-­‐‑nt  single-­‐‑stranded  M13/λ  hybrid  scaffold  at  high  yield,  effectively  increasing  the  
surface  area  of  conventional  two-­‐‑dimensional  origami  by  over  seven  fold.  The  
production  of  this  larger  scaffold  allows  for  more  complex,  programmed  assemblies  that  
are  functional  in  a  diverse  set  of  fields.    
Cost  efficiency  of  origami  production  is  incredibly  important.  Teaming  up  with  a  
gene  synthesis  group,  staple  strand  pools  are  synthesized  on  unique  cyclic  olefin  
copolymer  chips.  Using  repetitive  amplifications,  staple  set  pools  are  repeatedly  
produced  from  the  same  substrate,  significantly  decreasing  the  cost  of  staple  strand  
production.  These  chips  were  used  for  the  nanohouse  origami  anneals.  In  an  updated  
version,  the  chip  for  the  production  of  staple  strands  employs  embossed  micro-­‐‑pillar  
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arrays  and  updated  amplification  steps.  These  additions  increases  our  material  yield  
from  a  single  chip,  further  decreasing  the  cost  burden  of  unique  origami  designs.  
We  also  consider  novel  mechanisms  for  imparting  complexity  into  DNA  
nanostructures.  In  particular,  we  show  how  integrating  non-­‐‑natural  nucleic  acids  into  
nanostructures  can  affect  the  overall  structure’s  configuration  using  a  well-­‐‑studied  tile-­‐‑
based  system.  We  can  control  flexibility  by  utilizing  the  propensity  of  different  non-­‐‑
natural  nucleobases  towards  basestacking.  Specific  sequence-­‐‑dependent  modifications,  
within  DNA  nanostructures  towards  unique  superstructures,  add  another  approach  
towards  multifaceted  architectures.    
After  overcoming  some  of  the  current  limitations  in  the  field  of  structural  DNA  
nanotechnology,  we  demonstrate  the  applicability  of  DNA  origami  as  a  beneficial  tool  
for  nanometer-­‐‑scale  organization.  We  designed  origami  structures  that  provide  unique  
contributions  towards  development  of  two  distinct  fields:  cell  surface  receptor  binding  
kinetics  and  metamaterial  construction.  DNA  origami  surfaces  can  precisely  control  the  
orientation,  spacing,  and  local  density  of  receptor  ligands  to  facilitate  further  elucidation  
of  receptor-­‐‑binding  kinetics.  Additionally,  the  increased  length  of  the  λ/M13  hybrid  
scaffold  allows  for  complex  assemblies  capable  of  integrating  many  of  the  achievements  
in  the  DNA  origami  field  into  one  unique  design,  which  would  be  particularly  
applicable  for  designing  nanometer-­‐‑scaled  metamaterials  with  complex  optical  
properties.  
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Structural  DNA  nanotechnology  has  progressed  rapidly  since  its  introduction  to  
the  nanotechnology  world  driven  by  Seeman’s  vision  of  an  immobile  junction  in  1982  
(Seeman  1982).  DNA  origami  has  only  spurred  even  greater  interest  in  using  molecular  
recognition  for  programing  structure  formation  and  templating  materials  with  high  
precision.  The  unique  abilities  of  DNA  origami  structures  have  been  exploited  for  
scaffolding  of  materials  with  nanometer  precision,  constructing  dynamic  devices,  and  
patterning  over  larger  areas  by  incorporating  top-­‐‑down  methodologies.  Structure  
development  and  formation  have  evolved  rapidly  since  DNA  origami’s  introduction  
with  future  directions  towards  advancing  applications  (Zadegan  and  Norton  2012,  
Gothelf  and  Tørring  2013,  Saaem  and  LaBean  2013).  The  abilities  that  structural  DNA  
nanotechnology  can  bestow  will  support  discoveries  in  many  fields  including  molecular  
computing,  plasmonics,  biosensors,  organic  synthesis,  and  synthetic  biology  (Michelotti,  
Johnson-­‐‑Buck  et  al.  2012).  Through  collaborative  research,  areas  such  as  nanoelectronics,  
alternative  energy,  and  nanomedicine  will  all  benefit  from  further  expansion  of  
structural  DNA  nanotechnology.  
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Appendix A: Additional AFM images and Staple 
Sequences for Chapter 3. Double-Stranded DNA 
Scaffolded Origami. 
A1. AFM Images for Yield Calculations 
 Yield calculations were performed by visibly counting structures from numerous 
AFM images. Images represent one annealed sample undergoing an extra 12-hour 
incubation step at different temperatures. AFM imaging was performed as described in 
the methods section of the main text. All images are 5µm square. 
A1.1 No Incubation Step 
  
  143  
  
  144  
A1.2 30 °C Incubation Step 
  
  145  
A1.3 32.5 °C Incubation Step 
  
  146  
A1.4 35 °C Incubation Step 
  
  147  
A1.5 37 °C Incubation Step 
  
  148  
A1.6 40 °C Incubation Step 
  
  
  149  
A1.7 42.5 °C Incubation Step 
  
  150  
 
A1.8 45 °C Incubation Step 
  
  151  
  
  152  
A1.9 47.5 °C Incubation Step 
  
  153  
A1.10 50 °C Incubation Step 
  
  154  
  
A2. Staple Strand TEMPLATE Sequences (Staple Complements) 
Rothemund  sequences  (Rothemund  2006)  for  the  sharp  triangle  were  reverse-­‐‑
complemented  and  appended  with  a  universal  linker  to  enable  nSDA.  
Universal  linker:  GCATGACTCGACCATCCGATTTTTT  
The  universal  linker  encodes  a  binding  site  for  a  nicking  enzyme  (Nt.BstNBI).  In  
the  instances  where  multiple  such  binding  sites  have  been  formed  on  a  synthesized  oligo  
(due  to  the  sequence  of  the  staple  strand),  the  intended  full-­‐‑length  oligo  is  likely  not  
released  from  the  chip  accurately.  However,  such  oligos  are  a  tiny  portion  of  the  total  
number  of  oligos  in  a  staple-­‐‑pool  and  as  a  result  their  possible  absence  doesn’t  impede  
Origami  formation  (in  any  manner  that  can  be  discerned  under  AFM  imaging).  
Table A1: Staple sequences for dsM13 Sharp Triangle 
Name   Sequence  
t10s17c   TGCATATTTAAGCATGACTCGACCATCCGATTTTTT  
t10s27c   TCGTTCGGTATGCATGACTCGACCATCCGATTTTTT  
t10s7c   TAATGGTGCTAGCATGACTCGACCATCCGATTTTTT  
t11s18h  
AGTCTAAACATTTTACTATTACCCCCTACGATTCCGCAGTATTGCATGACTCGACCATCCGATTT
TTT  
t11s28h  
AACGGTTAATTTGCGTGATGGACAGACTATTACTAATCAAAGAGCATGACTCGACCATCCGATT
TTTT  
t11s8h  
CGGCTATCTGCTTACTTTTCTTAAAAACCTCGGTTTCCTTCTGGCATGACTCGACCATCCGATTTT
TT  
t12s19c   GGACGCTATCCGCATGACTCGACCATCCGATTTTTT  
t12s29c   AGTATTGCTACGCATGACTCGACCATCCGATTTTTT  
t12s9c   GTAACTTTGTTGCATGACTCGACCATCCGATTTTTT  
t1s10g   GGCGCTGGAAATAAACTTATTCCGAGTTAATTCTCCCGTCGCATGACTCGACCATCCGATTTTTT  
t1s12i   GAAAATGACTAGTTTTACGATTACACATATGAGCATGACTCGACCATCCGATTTTTT  
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t1s14i   AAAGTTGTATCTTTACCTACACATTTTCTCACGCATGACTCGACCATCCGATTTTTT  
t1s16i   CTTTAACTAGCTCGCGCCCCAAATTTGATGCCGCATGACTCGACCATCCGATTTTTT  
t1s18i   CTCGTTCCCGATATTTGAAGTCTTAGCTCGAAGCATGACTCGACCATCCGATTTTTT  
t1s20g   CGCTTTGATCGGGCTTCCTCTTAAGTTGAATGTGGTATTCGCATGACTCGACCATCCGATTTTTT  
t1s22i   AATTATTTGTACTGTTACTGTATATCTCCCGAGCATGACTCGACCATCCGATTTTTT  
t1s24i   GAGGCCGAGATAATTCCGCTCCTTTAATCAGGGCATGACTCGACCATCCGATTTTTT  
t1s26i   TCGACCTGCAGATATTGATTGAGGTGATTTGCGCATGACTCGACCATCCGATTTTTT  
t1s28i   GCAATCAGGTGAATCTGCCAATGTACTGGTCGGCATGACTCGACCATCCGATTTTTT  
t1s2i   TAATTCAAAATCCTTCTCTTGAGGAAACCCCGGCATGACTCGACCATCCGATTTTTT  
t1s30g   CTTTTATTAAATAATCCATTTCAGTATACGTGCTCGTCAAGCATGACTCGACCATCCGATTTTTT  
t1s4i   AAGGTAGTCGGTAAATTCAGAGACATGACGCTGCATGACTCGACCATCCGATTTTTT  
t1s6i   GGTAAGAAAAACGCTAATAAGGGGATTATGAAGCATGACTCGACCATCCGATTTTTT  
t1s8i   GTTTAATATCTATTGATTGTGACATAAACCATGCATGACTCGACCATCCGATTTTTT  
t2s11g   ATGGTGATTGTTTGCTCCAGACTCTTTTTGGGGCTTTTCTGCATGACTCGACCATCCGATTTTTT  
t2s13g   GATTATCAACCGGGGTCGTTCATCGATTCTCTTTGACTGTGCATGACTCGACCATCCGATTTTTT  
t2s15f   CTCCGGCCTACTCAGGCATTGCATACTACTATGCATGACTCGACCATCCGATTTTTT  
t2s17f   TAGTAGAAGAAAATATAGCTAAACGTCTGGTTGCATGACTCGACCATCCGATTTTTT  
t2s1g   CTCCTGTATACTTTCATGTTTCAGCTCGACGGCACTTATCGCATGACTCGACCATCCGATTTTTT  
t2s21g  
TATTGATGCCTGAAAATCTACGCAATTCAAAGCAATCAGGGCATGACTCGACCATCCGATTTTT
T  
t2s23g   CGAATCCGTTATTGTTTTCATCTGACGTTAAAAATTGCCAGCATGACTCGACCATCCGATTTTTT  
t2s25f   TCATCTGACTGGTGGTTTCTTTGTAATTCCTTGCATGACTCGACCATCCGATTTTTT  
t2s27f   TCAACTGTGTTTGATATTTGAGGTGAATGTCCGCATGACTCGACCATCCGATTTTTT  
t2s3g  
CGCCTGGTACTGAGCAAGTCTCAGCCTCTTAATCATCAAAGCATGACTCGACCATCCGATTTTT
T  
t2s5f   AGCCATGTTGCGCTTTCCATTCTGGGTTCCGGGCATGACTCGACCATCCGATTTTTT  
t2s7f   TGATTTTGGCTATGACCGAAAATGTTGTCTTTGCATGACTCGACCATCCGATTTTTT  
t3s10g   CTCAATCGCTTTTATATGTTGCCATCAATTACCCTCTGACGCATGACTCGACCATCCGATTTTTT  
t3s14e   TTAATGCTTTAAAATATATGAGGGTCATATTGGCATGACTCGACCATCCGATTTTTT  
t3s16e   TGCTTCCGAGGTTATTGACCATTTATTGGATGGCATGACTCGACCATCCGATTTTTT  
t3s18g   TTATGTATCTGCATTATCTTTTTGATGCAATCTTGGAGTTGCATGACTCGACCATCCGATTTTTT  
t3s20g   CTGACCTGCGCTTTGCTTCTGACTGTAATTCCTTTTGGCGGCATGACTCGACCATCCGATTTTTT  
  156  
t3s24e   CCTTCCTCTCCGCAAAATGATAATCAGGATTAGCATGACTCGACCATCCGATTTTTT  
t3s26e   GTTGGCCATCAGCAAGGTGATGCTTTAGATAAGCATGACTCGACCATCCGATTTTTT  
t3s28g  
AACGAGGAAAGCACGTACGATTGAGCGTCAAACTATCTCTGCATGACTCGACCATCCGATTTTT
T  
t3s30g   GAAGGGTTATGTAGGTATTTCCATCTCCCGCTCTGATTCTGCATGACTCGACCATCCGATTTTTT  
t3s4e   GTGGCTCTGCTTTAATGAGGATTTCCAGTACAGCATGACTCGACCATCCGATTTTTT  
t3s6e   TCGCCCTTCCGATGAAAACGCGCTTTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t3s8g   TTTGTTCAGGGTGTTCTGGTGTCTTTGCGTTTGTTGAATGGCATGACTCGACCATCCGATTTTTT  
t4s11g   TTTATCAGTAGCCTTTGTAGATCTCAATTTAAATATTTGCGCATGACTCGACCATCCGATTTTTT  
t4s13g   TTATACAATCTTCCTGTCAGGCAATGACCTGACTAGAACGGCATGACTCGACCATCCGATTTTT
T  
t4s15f   GTTGAATATTCTAAAAATTTTTATCTTGCCTGGCATGACTCGACCATCCGATTTTTT  
t4s17f   TATGATTTGCGAAATGTATCTAATCTCTAATCGCATGACTCGACCATCCGATTTTTT  
t4s1g   CACTGACCATAGGCAGGGGGCATTCACCTATTCCGGGCTAGCATGACTCGACCATCCGATTTTT
T  
t4s21g   ATTCAGAATTTACGTGCAAATAATTAATTCGCCTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t4s23g   GATTTTGTAACTTGGTATTTCTTTATTTCTGTGTATAATCGCATGACTCGACCATCCGATTTTTT  
t4s25f   CAAACAATGTTACTCAAACTTTTATGCTCCTAGCATGACTCGACCATCCGATTTTTT  
t4s27f   AAGATATTTTAGATTTTTCATTTGTCAGGTCAGCATGACTCGACCATCCGATTTTTT  
t4s3g   TACTTATATCAACCCTAATAATAGGTTCCGAACCGTTAAAGCATGACTCGACCATCCGATTTTTT  
t4s5f   ACTTATTAATTTGTTTGTGAATATGCTCTGAGGCATGACTCGACCATCCGATTTTTT  
t4s7f   GGAGGCGGACAGTCTGACGCTAAATTCCCTCCGCATGACTCGACCATCCGATTTTTT  
t5s10g   GAATAATTTTCTACGTTTGCTAACATTCTTGTGGGTTATCGCATGACTCGACCATCCGATTTTTT  
t5s14e   TTCTTTGCCCTTGCGTTGAAATAAGGCATTAAGCATGACTCGACCATCCGATTTTTT  
t5s16e   AAGGTACTGGTCAAACTAAATCTATTTGCTAAGCATGACTCGACCATCCGATTTTTT  
t5s18g   GCTCTTACTATGCCTCATAATAGTCAGGGTAAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t5s20g   TCAAAAGGAGACCTGATTTTTGATGGGTTATGATAGTGTTGCATGACTCGACCATCCGATTTTTT  
t5s24e   GTTGTTAGAAATTAATAACGTTCGCTTCCATTGCATGACTCGACCATCCGATTTTTT  
t5s26e   TTACGCTTCTGCTGGCTCTCAGCGATCTATTAGCATGACTCGACCATCCGATTTTTT  
t5s28g   TCGGCCTCCTGTTTAGGAGCGTTTTTCCTGTTACGTATTCGCATGACTCGACCATCCGATTTTTT  
t5s30g   TCTGTGCCGCAATGGCTGGCGGTATCTAAAATCCCTTTAAGCATGACTCGACCATCCGATTTTTT  
t5s4e   GGGTGGCGCAAGGCCAATCGTCTGACTCAAGGGCATGACTCGACCATCCGATTTTTT  
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t5s6e   TATTTACCGGCAAACTTGATTCTGGGTTCTGAGCATGACTCGACCATCCGATTTTTT  
t5s8g   TCTCTGATATTAGCGCCCTTTATGTATGTATTTCCGTCAAGCATGACTCGACCATCCGATTTTTT  
t6s13c   CTCAAAAATAGGCATGACTCGACCATCCGATTTTTT  
t6s15g   CTACCCTCTCCAGGCTTCTCCCGCAAAGGCTTTATGCATGACTCGACCATCCGATTTTTT  
t6s17f   TGCTTAATCTCGTTCGCAGAATTGACCTCTTAGCATGACTCGACCATCCGATTTTTT  
t6s23c   TTTGATATGGTGCATGACTCGACCATCCGATTTTTT  
t6s25g   AGGTTCTAACCGGCAAAGGATTTAATATCTATTGAGCATGACTCGACCATCCGATTTTTT  
t6s27f   CGGCTCTATGGCACTGTTGCAGGCAAATATTGGCATGACTCGACCATCCGATTTTTT  
t6s3c   AACTGTTTATAGCATGACTCGACCATCCGATTTTTT  
t6s5g   CGGGCACTGTTACCTGCCTCAACCTCCTGGCTCTGGCATGACTCGACCATCCGATTTTTT  
t6s7f   AGGGTGGCTCGCTACTGATTACGGCCTTTAATGCATGACTCGACCATCCGATTTTTT  
t7s10g   CAAGTCGGAGTCTTAATCATGCCATGTTTCTTGCTCTTATGCATGACTCGACCATCCGATTTTTT  
t7s14e   TGCTCTGAAGTATTACAGGGTCATGCATGACTCGACCATCCGATTTTTT  
t7s16e   CAAAAATGGGAATCAACTGTTATATAGCTTTAGCATGACTCGACCATCCGATTTTTT  
t7s18g   GTCGTCTGGTAAACGATTATGGTCATTCTCGTGCCATCCGGCATGACTCGACCATCCGATTTTTT  
t7s20g   AGCTCTAATTTCTGAACTGTTTAATATTTTGGTTTTTATCGCATGACTCGACCATCCGATTTTTT  
t7s24e   ATGTATTACGAGTTGTCGAATTGTGCATGACTCGACCATCCGATTTTTT  
t7s26e   CCATTCAAGGTGTTAATACTGACCATCCTCAAGCATGACTCGACCATCCGATTTTTT  
t7s28g   TGGCGTACCGTTCCTGATATTGTTCTGGATATACTAATAGGCATGACTCGACCATCCGATTTTTT  
t7s30g   CATTAAAGTACCAGCAAGGCCGATACACTTCTCAGGATTCGCATGACTCGACCATCCGATTTTT
T  
t7s4e   GAGGGTGGTGTCAATGCTGGCGGCGCATGACTCGACCATCCGATTTTTT  
t7s6e   ATAATTCATGCTGCTATCGATGGTGCGGCTCTGCATGACTCGACCATCCGATTTTTT  
t7s8g  
TATTGGGCTTAACTCAATACTGCGTAATAAGGTGACGGTGGCATGACTCGACCATCCGATTTTT
T  
t8s15c   AATGTTTTTGGGCATGACTCGACCATCCGATTTTTT  
t8s17g   TACAACCGATTTGGAATGAAACTTCCAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t8s25c   TTGTAAAGTCTGCATGACTCGACCATCCGATTTTTT  
t8s27g   AATACTTCTAAGCCTCACCTCTGTTTTAGTTCGCGGCATGACTCGACCATCCGATTTTTT  
t8s5c   GGCTCTGGTGGGCATGACTCGACCATCCGATTTTTT  
t8s7g   TGGTTCTGGTGTTCATTGGTGACGTTTAAATGGCTGCATGACTCGACCATCCGATTTTTT  
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t9s10h   CTGGTGATTTTCGTTATTATTGCGTTTGGGCTTCGGTAAGATAGCATGACTCGACCATCCGATTT
TTT  
t9s16e   TTATATTCGACACCGTACTTTAGTGCATGACTCGACCATCCGATTTTTT  
t9s18g  
TGCAAAAGCCTCTCGCAGCATTTGAGGGGGATCTACAGCAGCATGACTCGACCATCCGATTTTT
T  
t9s20h  
AACATGTTGAGTCAATGAATATTTATGCTGGCAAAACTTCTTTGCATGACTCGACCATCCGATTT
TTT  
t9s26e   GGGCTATCATCTTCTGCTGGTGGTGCATGACTCGACCATCCGATTTTTT  
t9s28g   CTCACTGATTATAAAAAGTTTGAGTTCTTCTAATGTTTTAGCATGACTCGACCATCCGATTTTTT  
t9s30h  
TTTTAATGGCGCTCAGGCAAGTGATGTTCTTTTACTCGGTGGCGCATGACTCGACCATCCGATTT
TTT  
t9s6e   TAATTCCCCCGGCCTTGCTAATGGGCATGACTCGACCATCCGATTTTTT  
t9s8g   GCTATTGCTATTTCATGTTCTTTTGGGTATTCGCTGGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s17h  
TCTCAAGCCCAATTTATTTGTTACGTTGATTTTTTAGGTTGGTGCATGACTCGACCATCCGATTTT
TT  
t-­‐‑10s27h  
CCCTGATAGACGGTTTCTGGAACAACACTCAATAATGTGAGTTGCATGACTCGACCATCCGATT
TTTT  
t-­‐‑10s7h  
TGGTAAGATTCAGGATCTCCCGCAAGTCGGGATTTATTGTCGTGCATGACTCGACCATCCGATT
TTTT  
t-­‐‑11s18e   GCAAGCCTTATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s28e   TCTTTAATAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s8e   ACTAATCTTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s19h   TCACTGAATGAGCAGCCTACTCGTTCTGGTGTTTCTCGTCAGGGCATGACTCGACCATCCGATTT
TTT  
t-­‐‑12s29h   GGACTCTTGTTCCAAATTCGCCCTTTGACGTTGGAGTCCACGTGCATGACTCGACCATCCGATTT
TTT  
t-­‐‑12s9h   TTTAAGGCTTCAAAACAAAATTGTAGCTGGGTGCAAAATAGCAGCATGACTCGACCATCCGAT
TTTTT  
t-­‐‑1s10e   TAATGCGCTTCCCTGTTTTTATGTTATTCTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s12i   TTGACATGGGGTGGTGGCTCTGAGCTATCCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14e   ATATCGGTATTCTCACTCCGCTGACAGAAAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14i   CCTTTTGATTAGCAAAATCCCATAAACTGTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16e   CGGATTTCGGGTGACGATCCCGCAGACCGAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16i   ACCTTTTCCCCTGCAAGCCTCAGCAAAGCGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18g   AATAATGTTGTTCCGTTCCCTTATGATTGACCGCAGGTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18i   TTAAAACGGGCTAAGTAACATGGAGTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s20e   CTAAATCTCAACTGATGAATCTTTCTACCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s22i   TGTAAAAGTTGATGGCGTTCCTATCAGACGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24e   CGTCGTTTAGCTGGCTGGAGTGCGTCAAACTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24i   AATATGATTACTGTCGTCGTCCCCATCTTCCTGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑1s26e   AGAAAAACTCGGTACCCGGGGATCGCACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26i   CAACTGACCAGGCATGCAAGCTTGCTCTAGAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28g  
CCACGTTCGCCGGCTTTCTCTCAGGGCCAGGCTGGTGAAAGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑1s28i   TGTGACTGCTGTTGCCCGTCTCACGGTGAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s2i   CTAATCCTATGAAATTGTTAAATGAAAAAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s30e   AGCAACCATAGTACGCTTCCCTTCCTTTCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4e   ACAGGCTTACCCAACCTAAGCCGGTTTGATAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4i   TACTGGAACTCTCAGACCTATGATAGGTTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6e   GACAGCCGACTGTTGAGCGTTGGCGATACTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6i   AAGATGGCTTTGTATAACGCATATTTTATACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8g  
CTGTAAAGGCTGCTATTGTTCTCGATGAGTGCTAAGGAAAGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑1s8i   ATGAATTTCCCGTTCTTGGAATGAGGTACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s11g   TCATTTACGTTCCTATTGGGCTTGGGTGGCGGTTCTGAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s13g   GTGGCGGTTCTGAGGGGTGTTACGGTACATGGTAACGTCTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑2s15f   GGAAAGACTTAGTTGTTCCTTTCTTATGCGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s17f   GGCGATGGTGTCTTTCGCTGCTGAGACACAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s1g   ATTCACTAATGTACTGTTTCCATTTAATTAATTTTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s21g   GCAGATGCCTGGCTACAGGAAGGCTGGTTAAAAAATGAGCGCATGACTCGACCATCCGATTTT
TT  
t-­‐‑2s23g   TGATTTAACAAAAATTTTAATGTTGATGAAAGACGGTTACGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑2s25f   GATGCGCCAGAAGCGGTGCCGGAATACAACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s27f   CGTGACTGGATTACGAATTCGAGCCACCCTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s3g   CTTGATGTTTGTTTCATCACATATATTGATTTTTGACTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s5f   TCTCAGCGTACATATAGTTATATATTTCTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s7f   AATTATGATTCTCAATTAAGCCCTATTATTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s10g   TTGGTTTCATAAAAACGGCTTGCTTTTCATTTTTGACGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s14e   ATTGTCGGATTATTCGCAATTCCTGACAAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s16e   CAAATCTCACCCTCGTTCCGATGCTTGTTGTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s18g   CGTAGATTTTTCTTCCATCTGTCCTCTTTCAACGATGATAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s20g   TTATCAGGAGTTGGTCAGTTCGGTTAGTTCGTTTTATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s24e   CTGGCGTTCCTGGTTTCCGGCACCCATCTACAGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑3s26e   CGCCTCTCAAACAGCTATGACCATGGAAAACCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s28g  
AATCGGGGGCTCCCTTGGGGCAAACCAGCGTGACGCAAACGCATGACTCGACCATCCGATTTT
TT  
t-­‐‑3s30g  
CGCCCAATGACCGCTTGCTGCAACTCCCCGTCAAGCTCTAGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑3s4e   TTTATTCTGATTTGCATCAGCATTTCTTAATCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s6e   CGTAAATTTTGTTAAATATGGCGATTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s8g  
AAACAAAAAATCGTTTGATTCCTACGATGAAATACATGCTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑4s11g  
TTTAGATCCTGGTGACGAAACTCATGGCGGTACTAAACCTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑4s13g   CCTGAGTACGGTGATAGGCGTTGTAGTTTGTAGTTACGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s15f   AACTATGATCAACGTGAAAAAATTCGCAACTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s17f   TCGGTATCCTCTGTAGCCGTTGCTCGTTGTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s1g   TAAGCTATAAGCAAGGTTATTCACTCATCTTCTTTTGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s21g   CCAACGTGTGTTACTCGCTCACATTAATGCGAATTTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s23g   AAAATATTAACGTTTAGGAGAATCCGACGGGTACCTATCCGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑4s25f   CATTACGGGGCGAATGGCGCTTTGACCCAACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s27f   TAATCGCCAACAATTTCACACAGGCCCGCGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s3g  
AGGTAATTGAAATGAATAGCGACGATTTACAGCGCTATGTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑4s5f   TTTCAAGGCTTTGTCTTGCGATTGTATTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s7f   GCCTTATTAAATTACATGTTGGCGAGGATGGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s10g   ATATTATTTATTGGGCGCGGTAATCTTATTTGGATTGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s12e   GGAATGCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s16e   TATAATCGCTTTAGTCCTCAAAGCAAGCTGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s18g   ATAATGAGCCAGTTCTGCCAGCCTATGCGCCTGCGCTTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s20g   TTTGTTTCGGTCTGTACACCGTTCCAACGTCCTGACTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s22e   TTTGTTCCCACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s26e   TGCAGCTGGGAATTGTGAGCGGATTTGCAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s28g  
TGCTTTACGGCACCTCGGAACCACCATCAAACTTCATTAAGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑5s2e   AAATTAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s30g   TTGGCCGAAGGATTTTCGCCTGCTTAGGGTTCCGATTTAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s6e   TCAGGACTGAAAATGCCTCTGCCTTATCACACGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑5s8g   TAAATAATATGGCTGTTATCTGATTTGCTTGCTTTCTTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s13f   TAAGAAATTTTTTTTTGGAGATTTGGGCTGTCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s15c   GGCTCCTTTTGGAGCCTCACCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s17f   AAAGCAAGTTCCTCATGAAAAAGTCTGGGGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s23f   CATCCCCCGTTGCGCAGCCTGAATTCAATCCGCCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s25c   ATCGCCCTTCCCAACATTTCGCCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s27f   GCTGGCGTGGCTCGTATGTTGTGTGCACGACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s3f   GGTCGGTAAAAGTTTTCTCGCGTTATTCTAAGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s5c   CTAAAATATATTTGAATTTCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s7f   CATTAAATCTCTTATTACTGGCTCTATCTATTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s10g   GTTGATAACCGGATAAGCCTTCTATTATTTTGTAACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s14e   ATACAATTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s18g   AATTCACAATGATTAAGTTCTTGTCAAGATTAAGTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s20g  
CAAAGATGCTCTTGATGAAGGTCATAAAATCGCATAAGGTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑7s24e   GGCCCGCACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s28g   ATTTGGGTGATGGTTCTCTTTTGATTTATAAGGACTGGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s30g   GGTTTCCCGGATTTTGCCGATTTCGACCCCAAAAAACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s4e   GATGAAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g  
AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑7s8g  
AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑8s15f   AGTGTATTCCCGTTTAATGGAAACCTGATAAACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s17c   GGCATTACGTATTTTACTTTTGCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s25f   AGCGGGCATACACTTTATGCTTCCAATAGCGAAGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s27c   TAGGCACCCCAGGCTTGTGAGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s5f   GTTCTGCAGTCGGTACTTTATATTTTAGGTCAGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s7c   AATTACTTTACCTTTTTTAGCTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s10g   ACATGTTGGGTTCGCTAAAACGCCAGACGCTCGTTAGCGTGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑9s16e   GCCTTCGTAGTGCATGACTCGACCATCCGATTTTTT  
  162  
t-­‐‑9s20g   TCTTTCGTGGGTAATGAATATCCGAGTTGAAATTAAACCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s26e   AGCTCACTCATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s30g  
AACGCAATCCCTATCTCGGGCTATACGTAGTGGGCCATCGGCATGACTCGACCATCCGATTTTT
T  
t-­‐‑9s6e   CGTCTGGACAGGCATGACTCGACCATCCGATTTTTT  
ts-­‐‑rem1   GCCCTGTAGCGGCGCATTAAGCGCGCATGACTCGACCATCCGATTTTTT  
  
 
Table A2. Staple sequences for Reverse Complemented Tall Rectangle 
Name   Sequence  
t10s17c   TGCATATTTAAGCATGACTCGACCATCCGATTTTTT  
t10s27c   TCGTTCGGTATGCATGACTCGACCATCCGATTTTTT  
t10s7c   TAATGGTGCTAGCATGACTCGACCATCCGATTTTTT  
t11s18h   AGTCTAAACATTTTACTATTACCCCCTACGATTCCGCAGTATTGCATGACTCGACCATCCGATTTTTT  
t11s28h   AACGGTTAATTTGCGTGATGGACAGACTATTACTAATCAAAGAGCATGACTCGACCATCCGATTTTTT  
t11s8h   CGGCTATCTGCTTACTTTTCTTAAAAACCTCGGTTTCCTTCTGGCATGACTCGACCATCCGATTTTTT  
t12s19c   GGACGCTATCCGCATGACTCGACCATCCGATTTTTT  
t12s29c   AGTATTGCTACGCATGACTCGACCATCCGATTTTTT  
t12s9c   GTAACTTTGTTGCATGACTCGACCATCCGATTTTTT  
t1s10g   GGCGCTGGAAATAAACTTATTCCGAGTTAATTCTCCCGTCGCATGACTCGACCATCCGATTTTTT  
t1s12i   GAAAATGACTAGTTTTACGATTACACATATGAGCATGACTCGACCATCCGATTTTTT  
t1s14i   AAAGTTGTATCTTTACCTACACATTTTCTCACGCATGACTCGACCATCCGATTTTTT  
t1s16i   CTTTAACTAGCTCGCGCCCCAAATTTGATGCCGCATGACTCGACCATCCGATTTTTT  
t1s18i   CTCGTTCCCGATATTTGAAGTCTTAGCTCGAAGCATGACTCGACCATCCGATTTTTT  
t1s20g   CGCTTTGATCGGGCTTCCTCTTAAGTTGAATGTGGTATTCGCATGACTCGACCATCCGATTTTTT  
t1s22i   AATTATTTGTACTGTTACTGTATATCTCCCGAGCATGACTCGACCATCCGATTTTTT  
t1s24i   GAGGCCGAGATAATTCCGCTCCTTTAATCAGGGCATGACTCGACCATCCGATTTTTT  
  163  
t1s26i   TCGACCTGCAGATATTGATTGAGGTGATTTGCGCATGACTCGACCATCCGATTTTTT  
t1s28i   GCAATCAGGTGAATCTGCCAATGTACTGGTCGGCATGACTCGACCATCCGATTTTTT  
t1s2i   TAATTCAAAATCCTTCTCTTGAGGAAACCCCGGCATGACTCGACCATCCGATTTTTT  
t1s30g   CTTTTATTAAATAATCCATTTCAGTATACGTGCTCGTCAAGCATGACTCGACCATCCGATTTTTT  
t1s4i   AAGGTAGTCGGTAAATTCAGAGACATGACGCTGCATGACTCGACCATCCGATTTTTT  
t1s6i   GGTAAGAAAAACGCTAATAAGGGGATTATGAAGCATGACTCGACCATCCGATTTTTT  
t1s8i   GTTTAATATCTATTGATTGTGACATAAACCATGCATGACTCGACCATCCGATTTTTT  
t2s11g   ATGGTGATTGTTTGCTCCAGACTCTTTTTGGGGCTTTTCTGCATGACTCGACCATCCGATTTTTT  
t2s13g   GATTATCAACCGGGGTCGTTCATCGATTCTCTTTGACTGTGCATGACTCGACCATCCGATTTTTT  
t2s15f   CTCCGGCCTACTCAGGCATTGCATACTACTATGCATGACTCGACCATCCGATTTTTT  
t2s17f   TAGTAGAAGAAAATATAGCTAAACGTCTGGTTGCATGACTCGACCATCCGATTTTTT  
t2s1g   CTCCTGTATACTTTCATGTTTCAGCTCGACGGCACTTATCGCATGACTCGACCATCCGATTTTTT  
t2s21g   TATTGATGCCTGAAAATCTACGCAATTCAAAGCAATCAGGGCATGACTCGACCATCCGATTTTTT  
t2s23g   CGAATCCGTTATTGTTTTCATCTGACGTTAAAAATTGCCAGCATGACTCGACCATCCGATTTTTT  
t2s25f   TCATCTGACTGGTGGTTTCTTTGTAATTCCTTGCATGACTCGACCATCCGATTTTTT  
t2s27f   TCAACTGTGTTTGATATTTGAGGTGAATGTCCGCATGACTCGACCATCCGATTTTTT  
t2s3g   CGCCTGGTACTGAGCAAGTCTCAGCCTCTTAATCATCAAAGCATGACTCGACCATCCGATTTTTT  
t2s5f   AGCCATGTTGCGCTTTCCATTCTGGGTTCCGGGCATGACTCGACCATCCGATTTTTT  
t2s7f   TGATTTTGGCTATGACCGAAAATGTTGTCTTTGCATGACTCGACCATCCGATTTTTT  
t3s10g   CTCAATCGCTTTTATATGTTGCCATCAATTACCCTCTGACGCATGACTCGACCATCCGATTTTTT  
t3s14e   TTAATGCTTTAAAATATATGAGGGTCATATTGGCATGACTCGACCATCCGATTTTTT  
t3s16e   TGCTTCCGAGGTTATTGACCATTTATTGGATGGCATGACTCGACCATCCGATTTTTT  
t3s18g   TTATGTATCTGCATTATCTTTTTGATGCAATCTTGGAGTTGCATGACTCGACCATCCGATTTTTT  
t3s20g   CTGACCTGCGCTTTGCTTCTGACTGTAATTCCTTTTGGCGGCATGACTCGACCATCCGATTTTTT  
t3s24e   CCTTCCTCTCCGCAAAATGATAATCAGGATTAGCATGACTCGACCATCCGATTTTTT  
  164  
t3s26e   GTTGGCCATCAGCAAGGTGATGCTTTAGATAAGCATGACTCGACCATCCGATTTTTT  
t3s28g   AACGAGGAAAGCACGTACGATTGAGCGTCAAACTATCTCTGCATGACTCGACCATCCGATTTTTT  
t3s30g   GAAGGGTTATGTAGGTATTTCCATCTCCCGCTCTGATTCTGCATGACTCGACCATCCGATTTTTT  
t3s4e   GTGGCTCTGCTTTAATGAGGATTTCCAGTACAGCATGACTCGACCATCCGATTTTTT  
t3s6e   TCGCCCTTCCGATGAAAACGCGCTTTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t3s8g   TTTGTTCAGGGTGTTCTGGTGTCTTTGCGTTTGTTGAATGGCATGACTCGACCATCCGATTTTTT  
t4s11g   TTTATCAGTAGCCTTTGTAGATCTCAATTTAAATATTTGCGCATGACTCGACCATCCGATTTTTT  
t4s13g   TTATACAATCTTCCTGTCAGGCAATGACCTGACTAGAACGGCATGACTCGACCATCCGATTTTTT  
t4s15f   GTTGAATATTCTAAAAATTTTTATCTTGCCTGGCATGACTCGACCATCCGATTTTTT  
t4s17f   TATGATTTGCGAAATGTATCTAATCTCTAATCGCATGACTCGACCATCCGATTTTTT  
t4s1g   CACTGACCATAGGCAGGGGGCATTCACCTATTCCGGGCTAGCATGACTCGACCATCCGATTTTTT  
t4s21g   ATTCAGAATTTACGTGCAAATAATTAATTCGCCTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t4s23g   GATTTTGTAACTTGGTATTTCTTTATTTCTGTGTATAATCGCATGACTCGACCATCCGATTTTTT  
t4s25f   CAAACAATGTTACTCAAACTTTTATGCTCCTAGCATGACTCGACCATCCGATTTTTT  
t4s27f   AAGATATTTTAGATTTTTCATTTGTCAGGTCAGCATGACTCGACCATCCGATTTTTT  
t4s3g   TACTTATATCAACCCTAATAATAGGTTCCGAACCGTTAAAGCATGACTCGACCATCCGATTTTTT  
t4s5f   ACTTATTAATTTGTTTGTGAATATGCTCTGAGGCATGACTCGACCATCCGATTTTTT  
t4s7f   GGAGGCGGACAGTCTGACGCTAAATTCCCTCCGCATGACTCGACCATCCGATTTTTT  
t5s10g   GAATAATTTTCTACGTTTGCTAACATTCTTGTGGGTTATCGCATGACTCGACCATCCGATTTTTT  
t5s14e   TTCTTTGCCCTTGCGTTGAAATAAGGCATTAAGCATGACTCGACCATCCGATTTTTT  
t5s16e   AAGGTACTGGTCAAACTAAATCTATTTGCTAAGCATGACTCGACCATCCGATTTTTT  
t5s18g   GCTCTTACTATGCCTCATAATAGTCAGGGTAAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t5s20g   TCAAAAGGAGACCTGATTTTTGATGGGTTATGATAGTGTTGCATGACTCGACCATCCGATTTTTT  
t5s24e   GTTGTTAGAAATTAATAACGTTCGCTTCCATTGCATGACTCGACCATCCGATTTTTT  
t5s26e   TTACGCTTCTGCTGGCTCTCAGCGATCTATTAGCATGACTCGACCATCCGATTTTTT  
  165  
t5s28g   TCGGCCTCCTGTTTAGGAGCGTTTTTCCTGTTACGTATTCGCATGACTCGACCATCCGATTTTTT  
t5s30g   TCTGTGCCGCAATGGCTGGCGGTATCTAAAATCCCTTTAAGCATGACTCGACCATCCGATTTTTT  
t5s4e   GGGTGGCGCAAGGCCAATCGTCTGACTCAAGGGCATGACTCGACCATCCGATTTTTT  
t5s6e   TATTTACCGGCAAACTTGATTCTGGGTTCTGAGCATGACTCGACCATCCGATTTTTT  
t5s8g   TCTCTGATATTAGCGCCCTTTATGTATGTATTTCCGTCAAGCATGACTCGACCATCCGATTTTTT  
t6s13c   CTCAAAAATAGGCATGACTCGACCATCCGATTTTTT  
t6s15g   CTACCCTCTCCAGGCTTCTCCCGCAAAGGCTTTATGCATGACTCGACCATCCGATTTTTT  
t6s17f   TGCTTAATCTCGTTCGCAGAATTGACCTCTTAGCATGACTCGACCATCCGATTTTTT  
t6s23c   TTTGATATGGTGCATGACTCGACCATCCGATTTTTT  
t6s25g   AGGTTCTAACCGGCAAAGGATTTAATATCTATTGAGCATGACTCGACCATCCGATTTTTT  
t6s27f   CGGCTCTATGGCACTGTTGCAGGCAAATATTGGCATGACTCGACCATCCGATTTTTT  
t6s3c   AACTGTTTATAGCATGACTCGACCATCCGATTTTTT  
t6s5g   CGGGCACTGTTACCTGCCTCAACCTCCTGGCTCTGGCATGACTCGACCATCCGATTTTTT  
t6s7f   AGGGTGGCTCGCTACTGATTACGGCCTTTAATGCATGACTCGACCATCCGATTTTTT  
t7s10g   CAAGTCGGAGTCTTAATCATGCCATGTTTCTTGCTCTTATGCATGACTCGACCATCCGATTTTTT  
t7s14e   TGCTCTGAAGTATTACAGGGTCATGCATGACTCGACCATCCGATTTTTT  
t7s16e   CAAAAATGGGAATCAACTGTTATATAGCTTTAGCATGACTCGACCATCCGATTTTTT  
t7s18g   GTCGTCTGGTAAACGATTATGGTCATTCTCGTGCCATCCGGCATGACTCGACCATCCGATTTTTT  
t7s20g   AGCTCTAATTTCTGAACTGTTTAATATTTTGGTTTTTATCGCATGACTCGACCATCCGATTTTTT  
t7s24e   ATGTATTACGAGTTGTCGAATTGTGCATGACTCGACCATCCGATTTTTT  
t7s26e   CCATTCAAGGTGTTAATACTGACCATCCTCAAGCATGACTCGACCATCCGATTTTTT  
t7s28g   TGGCGTACCGTTCCTGATATTGTTCTGGATATACTAATAGGCATGACTCGACCATCCGATTTTTT  
t7s30g   CATTAAAGTACCAGCAAGGCCGATACACTTCTCAGGATTCGCATGACTCGACCATCCGATTTTTT  
t7s4e   GAGGGTGGTGTCAATGCTGGCGGCGCATGACTCGACCATCCGATTTTTT  
t7s6e   ATAATTCATGCTGCTATCGATGGTGCGGCTCTGCATGACTCGACCATCCGATTTTTT  
t7s8g   TATTGGGCTTAACTCAATACTGCGTAATAAGGTGACGGTGGCATGACTCGACCATCCGATTTTTT  
t8s15c   AATGTTTTTGGGCATGACTCGACCATCCGATTTTTT  
  166  
t8s17g   TACAACCGATTTGGAATGAAACTTCCAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t8s25c   TTGTAAAGTCTGCATGACTCGACCATCCGATTTTTT  
t8s27g   AATACTTCTAAGCCTCACCTCTGTTTTAGTTCGCGGCATGACTCGACCATCCGATTTTTT  
t8s5c   GGCTCTGGTGGGCATGACTCGACCATCCGATTTTTT  
t8s7g   TGGTTCTGGTGTTCATTGGTGACGTTTAAATGGCTGCATGACTCGACCATCCGATTTTTT  
t9s10h   CTGGTGATTTTCGTTATTATTGCGTTTGGGCTTCGGTAAGATAGCATGACTCGACCATCCGATTTTTT  
t9s16e   TTATATTCGACACCGTACTTTAGTGCATGACTCGACCATCCGATTTTTT  
t9s18g   TGCAAAAGCCTCTCGCAGCATTTGAGGGGGATCTACAGCAGCATGACTCGACCATCCGATTTTTT  
t9s20h   AACATGTTGAGTCAATGAATATTTATGCTGGCAAAACTTCTTTGCATGACTCGACCATCCGATTTTTT  
t9s26e   GGGCTATCATCTTCTGCTGGTGGTGCATGACTCGACCATCCGATTTTTT  
t9s28g   CTCACTGATTATAAAAAGTTTGAGTTCTTCTAATGTTTTAGCATGACTCGACCATCCGATTTTTT  
t9s30h   TTTTAATGGCGCTCAGGCAAGTGATGTTCTTTTACTCGGTGGCGCATGACTCGACCATCCGATTTTTT  
t9s6e   TAATTCCCCCGGCCTTGCTAATGGGCATGACTCGACCATCCGATTTTTT  
t9s8g   GCTATTGCTATTTCATGTTCTTTTGGGTATTCGCTGGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
10s17h  
TCTCAAGCCCAATTTATTTGTTACGTTGATTTTTTAGGTTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
10s27h  
CCCTGATAGACGGTTTCTGGAACAACACTCAATAATGTGAGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s7h   TGGTAAGATTCAGGATCTCCCGCAAGTCGGGATTTATTGTCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
11s18e  
GCAAGCCTTATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
11s28e  
TCTTTAATAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s8e   ACTAATCTTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
12s19h  
TCACTGAATGAGCAGCCTACTCGTTCTGGTGTTTCTCGTCAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
12s29h  
GGACTCTTGTTCCAAATTCGCCCTTTGACGTTGGAGTCCACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s9h   TTTAAGGCTTCAAAACAAAATTGTAGCTGGGTGCAAAATAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s10e   TAATGCGCTTCCCTGTTTTTATGTTATTCTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s12i   TTGACATGGGGTGGTGGCTCTGAGCTATCCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14e   ATATCGGTATTCTCACTCCGCTGACAGAAAATGCATGACTCGACCATCCGATTTTTT  
  167  
t-­‐‑1s14i   CCTTTTGATTAGCAAAATCCCATAAACTGTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16e   CGGATTTCGGGTGACGATCCCGCAGACCGAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16i   ACCTTTTCCCCTGCAAGCCTCAGCAAAGCGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18g   AATAATGTTGTTCCGTTCCCTTATGATTGACCGCAGGTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18i   TTAAAACGGGCTAAGTAACATGGAGTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s20e   CTAAATCTCAACTGATGAATCTTTCTACCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s22i   TGTAAAAGTTGATGGCGTTCCTATCAGACGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24e   CGTCGTTTAGCTGGCTGGAGTGCGTCAAACTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24i   AATATGATTACTGTCGTCGTCCCCATCTTCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26e   AGAAAAACTCGGTACCCGGGGATCGCACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26i   CAACTGACCAGGCATGCAAGCTTGCTCTAGAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28g   CCACGTTCGCCGGCTTTCTCTCAGGGCCAGGCTGGTGAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28i   TGTGACTGCTGTTGCCCGTCTCACGGTGAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s2i   CTAATCCTATGAAATTGTTAAATGAAAAAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s30e   AGCAACCATAGTACGCTTCCCTTCCTTTCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4e   ACAGGCTTACCCAACCTAAGCCGGTTTGATAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4i   TACTGGAACTCTCAGACCTATGATAGGTTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6e   GACAGCCGACTGTTGAGCGTTGGCGATACTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6i   AAGATGGCTTTGTATAACGCATATTTTATACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8g   CTGTAAAGGCTGCTATTGTTCTCGATGAGTGCTAAGGAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8i   ATGAATTTCCCGTTCTTGGAATGAGGTACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s11g   TCATTTACGTTCCTATTGGGCTTGGGTGGCGGTTCTGAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s13g   GTGGCGGTTCTGAGGGGTGTTACGGTACATGGTAACGTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s15f   GGAAAGACTTAGTTGTTCCTTTCTTATGCGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s17f   GGCGATGGTGTCTTTCGCTGCTGAGACACAATGCATGACTCGACCATCCGATTTTTT  
  168  
t-­‐‑2s1g   ATTCACTAATGTACTGTTTCCATTTAATTAATTTTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s21g   GCAGATGCCTGGCTACAGGAAGGCTGGTTAAAAAATGAGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s23g   TGATTTAACAAAAATTTTAATGTTGATGAAAGACGGTTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s25f   GATGCGCCAGAAGCGGTGCCGGAATACAACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s27f   CGTGACTGGATTACGAATTCGAGCCACCCTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s3g   CTTGATGTTTGTTTCATCACATATATTGATTTTTGACTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s5f   TCTCAGCGTACATATAGTTATATATTTCTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s7f   AATTATGATTCTCAATTAAGCCCTATTATTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s10g   TTGGTTTCATAAAAACGGCTTGCTTTTCATTTTTGACGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s14e   ATTGTCGGATTATTCGCAATTCCTGACAAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s16e   CAAATCTCACCCTCGTTCCGATGCTTGTTGTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s18g   CGTAGATTTTTCTTCCATCTGTCCTCTTTCAACGATGATAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s20g   TTATCAGGAGTTGGTCAGTTCGGTTAGTTCGTTTTATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s24e   CTGGCGTTCCTGGTTTCCGGCACCCATCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s26e   CGCCTCTCAAACAGCTATGACCATGGAAAACCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s28g   AATCGGGGGCTCCCTTGGGGCAAACCAGCGTGACGCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s30g   CGCCCAATGACCGCTTGCTGCAACTCCCCGTCAAGCTCTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s4e   TTTATTCTGATTTGCATCAGCATTTCTTAATCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s6e   CGTAAATTTTGTTAAATATGGCGATTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s8g   AAACAAAAAATCGTTTGATTCCTACGATGAAATACATGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s11g   TTTAGATCCTGGTGACGAAACTCATGGCGGTACTAAACCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s13g   CCTGAGTACGGTGATAGGCGTTGTAGTTTGTAGTTACGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s15f   AACTATGATCAACGTGAAAAAATTCGCAACTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s17f   TCGGTATCCTCTGTAGCCGTTGCTCGTTGTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s1g   TAAGCTATAAGCAAGGTTATTCACTCATCTTCTTTTGCTCGCATGACTCGACCATCCGATTTTTT  
  169  
t-­‐‑4s21g   CCAACGTGTGTTACTCGCTCACATTAATGCGAATTTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s23g   AAAATATTAACGTTTAGGAGAATCCGACGGGTACCTATCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s25f   CATTACGGGGCGAATGGCGCTTTGACCCAACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s27f   TAATCGCCAACAATTTCACACAGGCCCGCGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s3g   AGGTAATTGAAATGAATAGCGACGATTTACAGCGCTATGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s5f   TTTCAAGGCTTTGTCTTGCGATTGTATTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s7f   GCCTTATTAAATTACATGTTGGCGAGGATGGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s10g   ATATTATTTATTGGGCGCGGTAATCTTATTTGGATTGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s12e   GGAATGCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s16e   TATAATCGCTTTAGTCCTCAAAGCAAGCTGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s18g   ATAATGAGCCAGTTCTGCCAGCCTATGCGCCTGCGCTTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s20g   TTTGTTTCGGTCTGTACACCGTTCCAACGTCCTGACTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s22e   TTTGTTCCCACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s26e   TGCAGCTGGGAATTGTGAGCGGATTTGCAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s28g   TGCTTTACGGCACCTCGGAACCACCATCAAACTTCATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s2e   AAATTAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s30g   TTGGCCGAAGGATTTTCGCCTGCTTAGGGTTCCGATTTAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s6e   TCAGGACTGAAAATGCCTCTGCCTTATCACACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s8g   TAAATAATATGGCTGTTATCTGATTTGCTTGCTTTCTTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s13f   TAAGAAATTTTTTTTTGGAGATTTGGGCTGTCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s15c   GGCTCCTTTTGGAGCCTCACCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s17f   AAAGCAAGTTCCTCATGAAAAAGTCTGGGGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s23f   CATCCCCCGTTGCGCAGCCTGAATTCAATCCGCCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s25c   ATCGCCCTTCCCAACATTTCGCCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s27f   GCTGGCGTGGCTCGTATGTTGTGTGCACGACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s3f   GGTCGGTAAAAGTTTTCTCGCGTTATTCTAAGGGAGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑6s5c   CTAAAATATATTTGAATTTCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s7f   CATTAAATCTCTTATTACTGGCTCTATCTATTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s10g   GTTGATAACCGGATAAGCCTTCTATTATTTTGTAACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s14e   ATACAATTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s18g   AATTCACAATGATTAAGTTCTTGTCAAGATTAAGTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s20g   CAAAGATGCTCTTGATGAAGGTCATAAAATCGCATAAGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s24e   GGCCCGCACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s28g   ATTTGGGTGATGGTTCTCTTTTGATTTATAAGGACTGGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s30g   GGTTTCCCGGATTTTGCCGATTTCGACCCCAAAAAACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s4e   GATGAAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s15f   AGTGTATTCCCGTTTAATGGAAACCTGATAAACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s17c   GGCATTACGTATTTTACTTTTGCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s25f   AGCGGGCATACACTTTATGCTTCCAATAGCGAAGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s27c   TAGGCACCCCAGGCTTGTGAGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s5f   GTTCTGCAGTCGGTACTTTATATTTTAGGTCAGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s7c   AATTACTTTACCTTTTTTAGCTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s10g   ACATGTTGGGTTCGCTAAAACGCCAGACGCTCGTTAGCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s16e   GCCTTCGTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s20g   TCTTTCGTGGGTAATGAATATCCGAGTTGAAATTAAACCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s26e   AGCTCACTCATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s30g   AACGCAATCCCTATCTCGGGCTATACGTAGTGGGCCATCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s6e   CGTCTGGACAGGCATGACTCGACCATCCGATTTTTT  
ts-­‐‑rem1   GCCCTGTAGCGGCGCATTAAGCGCGCATGACTCGACCATCCGATTTTTT  
Name   Sequence  
t10s17c   TGCATATTTAAGCATGACTCGACCATCCGATTTTTT  
t10s27c   TCGTTCGGTATGCATGACTCGACCATCCGATTTTTT  
t10s7c   TAATGGTGCTAGCATGACTCGACCATCCGATTTTTT  
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t11s18h   AGTCTAAACATTTTACTATTACCCCCTACGATTCCGCAGTATTGCATGACTCGACCATCCGATTTTTT  
t11s28h   AACGGTTAATTTGCGTGATGGACAGACTATTACTAATCAAAGAGCATGACTCGACCATCCGATTTTTT  
t11s8h   CGGCTATCTGCTTACTTTTCTTAAAAACCTCGGTTTCCTTCTGGCATGACTCGACCATCCGATTTTTT  
t12s19c   GGACGCTATCCGCATGACTCGACCATCCGATTTTTT  
t12s29c   AGTATTGCTACGCATGACTCGACCATCCGATTTTTT  
t12s9c   GTAACTTTGTTGCATGACTCGACCATCCGATTTTTT  
t1s10g   GGCGCTGGAAATAAACTTATTCCGAGTTAATTCTCCCGTCGCATGACTCGACCATCCGATTTTTT  
t1s12i   GAAAATGACTAGTTTTACGATTACACATATGAGCATGACTCGACCATCCGATTTTTT  
t1s14i   AAAGTTGTATCTTTACCTACACATTTTCTCACGCATGACTCGACCATCCGATTTTTT  
t1s16i   CTTTAACTAGCTCGCGCCCCAAATTTGATGCCGCATGACTCGACCATCCGATTTTTT  
t1s18i   CTCGTTCCCGATATTTGAAGTCTTAGCTCGAAGCATGACTCGACCATCCGATTTTTT  
t1s20g   CGCTTTGATCGGGCTTCCTCTTAAGTTGAATGTGGTATTCGCATGACTCGACCATCCGATTTTTT  
t1s22i   AATTATTTGTACTGTTACTGTATATCTCCCGAGCATGACTCGACCATCCGATTTTTT  
t1s24i   GAGGCCGAGATAATTCCGCTCCTTTAATCAGGGCATGACTCGACCATCCGATTTTTT  
t1s26i   TCGACCTGCAGATATTGATTGAGGTGATTTGCGCATGACTCGACCATCCGATTTTTT  
t1s28i   GCAATCAGGTGAATCTGCCAATGTACTGGTCGGCATGACTCGACCATCCGATTTTTT  
t1s2i   TAATTCAAAATCCTTCTCTTGAGGAAACCCCGGCATGACTCGACCATCCGATTTTTT  
t1s30g   CTTTTATTAAATAATCCATTTCAGTATACGTGCTCGTCAAGCATGACTCGACCATCCGATTTTTT  
t1s4i   AAGGTAGTCGGTAAATTCAGAGACATGACGCTGCATGACTCGACCATCCGATTTTTT  
t1s6i   GGTAAGAAAAACGCTAATAAGGGGATTATGAAGCATGACTCGACCATCCGATTTTTT  
t1s8i   GTTTAATATCTATTGATTGTGACATAAACCATGCATGACTCGACCATCCGATTTTTT  
t2s11g   ATGGTGATTGTTTGCTCCAGACTCTTTTTGGGGCTTTTCTGCATGACTCGACCATCCGATTTTTT  
t2s13g   GATTATCAACCGGGGTCGTTCATCGATTCTCTTTGACTGTGCATGACTCGACCATCCGATTTTTT  
t2s15f   CTCCGGCCTACTCAGGCATTGCATACTACTATGCATGACTCGACCATCCGATTTTTT  
t2s17f   TAGTAGAAGAAAATATAGCTAAACGTCTGGTTGCATGACTCGACCATCCGATTTTTT  
t2s1g   CTCCTGTATACTTTCATGTTTCAGCTCGACGGCACTTATCGCATGACTCGACCATCCGATTTTTT  
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t2s21g   TATTGATGCCTGAAAATCTACGCAATTCAAAGCAATCAGGGCATGACTCGACCATCCGATTTTTT  
t2s23g   CGAATCCGTTATTGTTTTCATCTGACGTTAAAAATTGCCAGCATGACTCGACCATCCGATTTTTT  
t2s25f   TCATCTGACTGGTGGTTTCTTTGTAATTCCTTGCATGACTCGACCATCCGATTTTTT  
t2s27f   TCAACTGTGTTTGATATTTGAGGTGAATGTCCGCATGACTCGACCATCCGATTTTTT  
t2s3g   CGCCTGGTACTGAGCAAGTCTCAGCCTCTTAATCATCAAAGCATGACTCGACCATCCGATTTTTT  
t2s5f   AGCCATGTTGCGCTTTCCATTCTGGGTTCCGGGCATGACTCGACCATCCGATTTTTT  
t2s7f   TGATTTTGGCTATGACCGAAAATGTTGTCTTTGCATGACTCGACCATCCGATTTTTT  
t3s10g   CTCAATCGCTTTTATATGTTGCCATCAATTACCCTCTGACGCATGACTCGACCATCCGATTTTTT  
t3s14e   TTAATGCTTTAAAATATATGAGGGTCATATTGGCATGACTCGACCATCCGATTTTTT  
t3s16e   TGCTTCCGAGGTTATTGACCATTTATTGGATGGCATGACTCGACCATCCGATTTTTT  
t3s18g   TTATGTATCTGCATTATCTTTTTGATGCAATCTTGGAGTTGCATGACTCGACCATCCGATTTTTT  
t3s20g   CTGACCTGCGCTTTGCTTCTGACTGTAATTCCTTTTGGCGGCATGACTCGACCATCCGATTTTTT  
t3s24e   CCTTCCTCTCCGCAAAATGATAATCAGGATTAGCATGACTCGACCATCCGATTTTTT  
t3s26e   GTTGGCCATCAGCAAGGTGATGCTTTAGATAAGCATGACTCGACCATCCGATTTTTT  
t3s28g   AACGAGGAAAGCACGTACGATTGAGCGTCAAACTATCTCTGCATGACTCGACCATCCGATTTTTT  
t3s30g   GAAGGGTTATGTAGGTATTTCCATCTCCCGCTCTGATTCTGCATGACTCGACCATCCGATTTTTT  
t3s4e   GTGGCTCTGCTTTAATGAGGATTTCCAGTACAGCATGACTCGACCATCCGATTTTTT  
t3s6e   TCGCCCTTCCGATGAAAACGCGCTTTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t3s8g   TTTGTTCAGGGTGTTCTGGTGTCTTTGCGTTTGTTGAATGGCATGACTCGACCATCCGATTTTTT  
t4s11g   TTTATCAGTAGCCTTTGTAGATCTCAATTTAAATATTTGCGCATGACTCGACCATCCGATTTTTT  
t4s13g   TTATACAATCTTCCTGTCAGGCAATGACCTGACTAGAACGGCATGACTCGACCATCCGATTTTTT  
t4s15f   GTTGAATATTCTAAAAATTTTTATCTTGCCTGGCATGACTCGACCATCCGATTTTTT  
t4s17f   TATGATTTGCGAAATGTATCTAATCTCTAATCGCATGACTCGACCATCCGATTTTTT  
t4s1g   CACTGACCATAGGCAGGGGGCATTCACCTATTCCGGGCTAGCATGACTCGACCATCCGATTTTTT  
t4s21g   ATTCAGAATTTACGTGCAAATAATTAATTCGCCTCTGCGCGCATGACTCGACCATCCGATTTTTT  
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t4s23g   GATTTTGTAACTTGGTATTTCTTTATTTCTGTGTATAATCGCATGACTCGACCATCCGATTTTTT  
t4s25f   CAAACAATGTTACTCAAACTTTTATGCTCCTAGCATGACTCGACCATCCGATTTTTT  
t4s27f   AAGATATTTTAGATTTTTCATTTGTCAGGTCAGCATGACTCGACCATCCGATTTTTT  
t4s3g   TACTTATATCAACCCTAATAATAGGTTCCGAACCGTTAAAGCATGACTCGACCATCCGATTTTTT  
t4s5f   ACTTATTAATTTGTTTGTGAATATGCTCTGAGGCATGACTCGACCATCCGATTTTTT  
t4s7f   GGAGGCGGACAGTCTGACGCTAAATTCCCTCCGCATGACTCGACCATCCGATTTTTT  
t5s10g   GAATAATTTTCTACGTTTGCTAACATTCTTGTGGGTTATCGCATGACTCGACCATCCGATTTTTT  
t5s14e   TTCTTTGCCCTTGCGTTGAAATAAGGCATTAAGCATGACTCGACCATCCGATTTTTT  
t5s16e   AAGGTACTGGTCAAACTAAATCTATTTGCTAAGCATGACTCGACCATCCGATTTTTT  
t5s18g   GCTCTTACTATGCCTCATAATAGTCAGGGTAAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t5s20g   TCAAAAGGAGACCTGATTTTTGATGGGTTATGATAGTGTTGCATGACTCGACCATCCGATTTTTT  
t5s24e   GTTGTTAGAAATTAATAACGTTCGCTTCCATTGCATGACTCGACCATCCGATTTTTT  
t5s26e   TTACGCTTCTGCTGGCTCTCAGCGATCTATTAGCATGACTCGACCATCCGATTTTTT  
t5s28g   TCGGCCTCCTGTTTAGGAGCGTTTTTCCTGTTACGTATTCGCATGACTCGACCATCCGATTTTTT  
t5s30g   TCTGTGCCGCAATGGCTGGCGGTATCTAAAATCCCTTTAAGCATGACTCGACCATCCGATTTTTT  
t5s4e   GGGTGGCGCAAGGCCAATCGTCTGACTCAAGGGCATGACTCGACCATCCGATTTTTT  
t5s6e   TATTTACCGGCAAACTTGATTCTGGGTTCTGAGCATGACTCGACCATCCGATTTTTT  
t5s8g   TCTCTGATATTAGCGCCCTTTATGTATGTATTTCCGTCAAGCATGACTCGACCATCCGATTTTTT  
t6s13c   CTCAAAAATAGGCATGACTCGACCATCCGATTTTTT  
t6s15g   CTACCCTCTCCAGGCTTCTCCCGCAAAGGCTTTATGCATGACTCGACCATCCGATTTTTT  
t6s17f   TGCTTAATCTCGTTCGCAGAATTGACCTCTTAGCATGACTCGACCATCCGATTTTTT  
t6s23c   TTTGATATGGTGCATGACTCGACCATCCGATTTTTT  
t6s25g   AGGTTCTAACCGGCAAAGGATTTAATATCTATTGAGCATGACTCGACCATCCGATTTTTT  
t6s27f   CGGCTCTATGGCACTGTTGCAGGCAAATATTGGCATGACTCGACCATCCGATTTTTT  
t6s3c   AACTGTTTATAGCATGACTCGACCATCCGATTTTTT  
t6s5g   CGGGCACTGTTACCTGCCTCAACCTCCTGGCTCTGGCATGACTCGACCATCCGATTTTTT  
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t6s7f   AGGGTGGCTCGCTACTGATTACGGCCTTTAATGCATGACTCGACCATCCGATTTTTT  
t7s10g   CAAGTCGGAGTCTTAATCATGCCATGTTTCTTGCTCTTATGCATGACTCGACCATCCGATTTTTT  
t7s14e   TGCTCTGAAGTATTACAGGGTCATGCATGACTCGACCATCCGATTTTTT  
t7s16e   CAAAAATGGGAATCAACTGTTATATAGCTTTAGCATGACTCGACCATCCGATTTTTT  
t7s18g   GTCGTCTGGTAAACGATTATGGTCATTCTCGTGCCATCCGGCATGACTCGACCATCCGATTTTTT  
t7s20g   AGCTCTAATTTCTGAACTGTTTAATATTTTGGTTTTTATCGCATGACTCGACCATCCGATTTTTT  
t7s24e   ATGTATTACGAGTTGTCGAATTGTGCATGACTCGACCATCCGATTTTTT  
t7s26e   CCATTCAAGGTGTTAATACTGACCATCCTCAAGCATGACTCGACCATCCGATTTTTT  
t7s28g   TGGCGTACCGTTCCTGATATTGTTCTGGATATACTAATAGGCATGACTCGACCATCCGATTTTTT  
t7s30g   CATTAAAGTACCAGCAAGGCCGATACACTTCTCAGGATTCGCATGACTCGACCATCCGATTTTTT  
t7s4e   GAGGGTGGTGTCAATGCTGGCGGCGCATGACTCGACCATCCGATTTTTT  
t7s6e   ATAATTCATGCTGCTATCGATGGTGCGGCTCTGCATGACTCGACCATCCGATTTTTT  
t7s8g   TATTGGGCTTAACTCAATACTGCGTAATAAGGTGACGGTGGCATGACTCGACCATCCGATTTTTT  
t8s15c   AATGTTTTTGGGCATGACTCGACCATCCGATTTTTT  
t8s17g   TACAACCGATTTGGAATGAAACTTCCAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t8s25c   TTGTAAAGTCTGCATGACTCGACCATCCGATTTTTT  
t8s27g   AATACTTCTAAGCCTCACCTCTGTTTTAGTTCGCGGCATGACTCGACCATCCGATTTTTT  
t8s5c   GGCTCTGGTGGGCATGACTCGACCATCCGATTTTTT  
t8s7g   TGGTTCTGGTGTTCATTGGTGACGTTTAAATGGCTGCATGACTCGACCATCCGATTTTTT  
t9s10h   CTGGTGATTTTCGTTATTATTGCGTTTGGGCTTCGGTAAGATAGCATGACTCGACCATCCGATTTTTT  
t9s16e   TTATATTCGACACCGTACTTTAGTGCATGACTCGACCATCCGATTTTTT  
t9s18g   TGCAAAAGCCTCTCGCAGCATTTGAGGGGGATCTACAGCAGCATGACTCGACCATCCGATTTTTT  
t9s20h   AACATGTTGAGTCAATGAATATTTATGCTGGCAAAACTTCTTTGCATGACTCGACCATCCGATTTTTT  
t9s26e   GGGCTATCATCTTCTGCTGGTGGTGCATGACTCGACCATCCGATTTTTT  
t9s28g   CTCACTGATTATAAAAAGTTTGAGTTCTTCTAATGTTTTAGCATGACTCGACCATCCGATTTTTT  
t9s30h   TTTTAATGGCGCTCAGGCAAGTGATGTTCTTTTACTCGGTGGCGCATGACTCGACCATCCGATTTTTT  
t9s6e   TAATTCCCCCGGCCTTGCTAATGGGCATGACTCGACCATCCGATTTTTT  
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t9s8g   GCTATTGCTATTTCATGTTCTTTTGGGTATTCGCTGGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
10s17h  
TCTCAAGCCCAATTTATTTGTTACGTTGATTTTTTAGGTTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
10s27h  
CCCTGATAGACGGTTTCTGGAACAACACTCAATAATGTGAGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s7h   TGGTAAGATTCAGGATCTCCCGCAAGTCGGGATTTATTGTCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
11s18e  
GCAAGCCTTATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
11s28e  
TCTTTAATAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s8e   ACTAATCTTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
12s19h  
TCACTGAATGAGCAGCCTACTCGTTCTGGTGTTTCTCGTCAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑
12s29h  
GGACTCTTGTTCCAAATTCGCCCTTTGACGTTGGAGTCCACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s9h   TTTAAGGCTTCAAAACAAAATTGTAGCTGGGTGCAAAATAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s10e   TAATGCGCTTCCCTGTTTTTATGTTATTCTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s12i   TTGACATGGGGTGGTGGCTCTGAGCTATCCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14e   ATATCGGTATTCTCACTCCGCTGACAGAAAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14i   CCTTTTGATTAGCAAAATCCCATAAACTGTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16e   CGGATTTCGGGTGACGATCCCGCAGACCGAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16i   ACCTTTTCCCCTGCAAGCCTCAGCAAAGCGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18g   AATAATGTTGTTCCGTTCCCTTATGATTGACCGCAGGTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18i   TTAAAACGGGCTAAGTAACATGGAGTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s20e   CTAAATCTCAACTGATGAATCTTTCTACCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s22i   TGTAAAAGTTGATGGCGTTCCTATCAGACGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24e   CGTCGTTTAGCTGGCTGGAGTGCGTCAAACTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24i   AATATGATTACTGTCGTCGTCCCCATCTTCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26e   AGAAAAACTCGGTACCCGGGGATCGCACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26i   CAACTGACCAGGCATGCAAGCTTGCTCTAGAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28g   CCACGTTCGCCGGCTTTCTCTCAGGGCCAGGCTGGTGAAAGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑1s28i   TGTGACTGCTGTTGCCCGTCTCACGGTGAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s2i   CTAATCCTATGAAATTGTTAAATGAAAAAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s30e   AGCAACCATAGTACGCTTCCCTTCCTTTCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4e   ACAGGCTTACCCAACCTAAGCCGGTTTGATAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4i   TACTGGAACTCTCAGACCTATGATAGGTTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6e   GACAGCCGACTGTTGAGCGTTGGCGATACTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6i   AAGATGGCTTTGTATAACGCATATTTTATACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8g   CTGTAAAGGCTGCTATTGTTCTCGATGAGTGCTAAGGAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8i   ATGAATTTCCCGTTCTTGGAATGAGGTACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s11g   TCATTTACGTTCCTATTGGGCTTGGGTGGCGGTTCTGAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s13g   GTGGCGGTTCTGAGGGGTGTTACGGTACATGGTAACGTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s15f   GGAAAGACTTAGTTGTTCCTTTCTTATGCGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s17f   GGCGATGGTGTCTTTCGCTGCTGAGACACAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s1g   ATTCACTAATGTACTGTTTCCATTTAATTAATTTTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s21g   GCAGATGCCTGGCTACAGGAAGGCTGGTTAAAAAATGAGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s23g   TGATTTAACAAAAATTTTAATGTTGATGAAAGACGGTTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s25f   GATGCGCCAGAAGCGGTGCCGGAATACAACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s27f   CGTGACTGGATTACGAATTCGAGCCACCCTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s3g   CTTGATGTTTGTTTCATCACATATATTGATTTTTGACTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s5f   TCTCAGCGTACATATAGTTATATATTTCTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s7f   AATTATGATTCTCAATTAAGCCCTATTATTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s10g   TTGGTTTCATAAAAACGGCTTGCTTTTCATTTTTGACGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s14e   ATTGTCGGATTATTCGCAATTCCTGACAAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s16e   CAAATCTCACCCTCGTTCCGATGCTTGTTGTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s18g   CGTAGATTTTTCTTCCATCTGTCCTCTTTCAACGATGATAGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑3s20g   TTATCAGGAGTTGGTCAGTTCGGTTAGTTCGTTTTATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s24e   CTGGCGTTCCTGGTTTCCGGCACCCATCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s26e   CGCCTCTCAAACAGCTATGACCATGGAAAACCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s28g   AATCGGGGGCTCCCTTGGGGCAAACCAGCGTGACGCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s30g   CGCCCAATGACCGCTTGCTGCAACTCCCCGTCAAGCTCTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s4e   TTTATTCTGATTTGCATCAGCATTTCTTAATCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s6e   CGTAAATTTTGTTAAATATGGCGATTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s8g   AAACAAAAAATCGTTTGATTCCTACGATGAAATACATGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s11g   TTTAGATCCTGGTGACGAAACTCATGGCGGTACTAAACCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s13g   CCTGAGTACGGTGATAGGCGTTGTAGTTTGTAGTTACGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s15f   AACTATGATCAACGTGAAAAAATTCGCAACTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s17f   TCGGTATCCTCTGTAGCCGTTGCTCGTTGTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s1g   TAAGCTATAAGCAAGGTTATTCACTCATCTTCTTTTGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s21g   CCAACGTGTGTTACTCGCTCACATTAATGCGAATTTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s23g   AAAATATTAACGTTTAGGAGAATCCGACGGGTACCTATCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s25f   CATTACGGGGCGAATGGCGCTTTGACCCAACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s27f   TAATCGCCAACAATTTCACACAGGCCCGCGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s3g   AGGTAATTGAAATGAATAGCGACGATTTACAGCGCTATGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s5f   TTTCAAGGCTTTGTCTTGCGATTGTATTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s7f   GCCTTATTAAATTACATGTTGGCGAGGATGGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s10g   ATATTATTTATTGGGCGCGGTAATCTTATTTGGATTGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s12e   GGAATGCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s16e   TATAATCGCTTTAGTCCTCAAAGCAAGCTGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s18g   ATAATGAGCCAGTTCTGCCAGCCTATGCGCCTGCGCTTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s20g   TTTGTTTCGGTCTGTACACCGTTCCAACGTCCTGACTGGTGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑5s22e   TTTGTTCCCACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s26e   TGCAGCTGGGAATTGTGAGCGGATTTGCAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s28g   TGCTTTACGGCACCTCGGAACCACCATCAAACTTCATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s2e   AAATTAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s30g   TTGGCCGAAGGATTTTCGCCTGCTTAGGGTTCCGATTTAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s6e   TCAGGACTGAAAATGCCTCTGCCTTATCACACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s8g   TAAATAATATGGCTGTTATCTGATTTGCTTGCTTTCTTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s13f   TAAGAAATTTTTTTTTGGAGATTTGGGCTGTCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s15c   GGCTCCTTTTGGAGCCTCACCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s17f   AAAGCAAGTTCCTCATGAAAAAGTCTGGGGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s23f   CATCCCCCGTTGCGCAGCCTGAATTCAATCCGCCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s25c   ATCGCCCTTCCCAACATTTCGCCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s27f   GCTGGCGTGGCTCGTATGTTGTGTGCACGACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s3f   GGTCGGTAAAAGTTTTCTCGCGTTATTCTAAGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s5c   CTAAAATATATTTGAATTTCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s7f   CATTAAATCTCTTATTACTGGCTCTATCTATTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s10g   GTTGATAACCGGATAAGCCTTCTATTATTTTGTAACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s14e   ATACAATTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s18g   AATTCACAATGATTAAGTTCTTGTCAAGATTAAGTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s20g   CAAAGATGCTCTTGATGAAGGTCATAAAATCGCATAAGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s24e   GGCCCGCACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s28g   ATTTGGGTGATGGTTCTCTTTTGATTTATAAGGACTGGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s30g   GGTTTCCCGGATTTTGCCGATTTCGACCCCAAAAAACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s4e   GATGAAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s15f   AGTGTATTCCCGTTTAATGGAAACCTGATAAACCGGCATGACTCGACCATCCGATTTTTT  
  179  
t-­‐‑8s17c   GGCATTACGTATTTTACTTTTGCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s25f   AGCGGGCATACACTTTATGCTTCCAATAGCGAAGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s27c   TAGGCACCCCAGGCTTGTGAGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s5f   GTTCTGCAGTCGGTACTTTATATTTTAGGTCAGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s7c   AATTACTTTACCTTTTTTAGCTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s10g   ACATGTTGGGTTCGCTAAAACGCCAGACGCTCGTTAGCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s16e   GCCTTCGTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s20g   TCTTTCGTGGGTAATGAATATCCGAGTTGAAATTAAACCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s26e   AGCTCACTCATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s30g   AACGCAATCCCTATCTCGGGCTATACGTAGTGGGCCATCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s6e   CGTCTGGACAGGCATGACTCGACCATCCGATTTTTT  
ts-­‐‑rem1   GCCCTGTAGCGGCGCATTAAGCGCGCATGACTCGACCATCCGATTTTTT  
 
Table A3. Staple sequences for nano-house 
Name   Sequence  
t10s17c   TGCATATTTAAGCATGACTCGACCATCCGATTTTTT  
t10s27c   TCGTTCGGTATGCATGACTCGACCATCCGATTTTTT  
t10s7c   TAATGGTGCTAGCATGACTCGACCATCCGATTTTTT  
t11s18h   AGTCTAAACATTTTACTATTACCCCCTACGATTCCGCAGTATTGCATGACTCGACCATCCGATTTTTT  
t11s28h   AACGGTTAATTTGCGTGATGGACAGACTATTACTAATCAAAGAGCATGACTCGACCATCCGATTTTTT  
t11s8h   CGGCTATCTGCTTACTTTTCTTAAAAACCTCGGTTTCCTTCTGGCATGACTCGACCATCCGATTTTTT  
t12s19c   GGACGCTATCCGCATGACTCGACCATCCGATTTTTT  
t12s29c   AGTATTGCTACGCATGACTCGACCATCCGATTTTTT  
t12s9c   GTAACTTTGTTGCATGACTCGACCATCCGATTTTTT  
t1s10g   GGCGCTGGAAATAAACTTATTCCGAGTTAATTCTCCCGTCGCATGACTCGACCATCCGATTTTTT  
t1s12i   GAAAATGACTAGTTTTACGATTACACATATGAGCATGACTCGACCATCCGATTTTTT  
t1s14i   AAAGTTGTATCTTTACCTACACATTTTCTCACGCATGACTCGACCATCCGATTTTTT  
t1s16i   CTTTAACTAGCTCGCGCCCCAAATTTGATGCCGCATGACTCGACCATCCGATTTTTT  
t1s18i   CTCGTTCCCGATATTTGAAGTCTTAGCTCGAAGCATGACTCGACCATCCGATTTTTT  
t1s20g   CGCTTTGATCGGGCTTCCTCTTAAGTTGAATGTGGTATTCGCATGACTCGACCATCCGATTTTTT  
  180  
t1s22i   AATTATTTGTACTGTTACTGTATATCTCCCGAGCATGACTCGACCATCCGATTTTTT  
t1s24i   GAGGCCGAGATAATTCCGCTCCTTTAATCAGGGCATGACTCGACCATCCGATTTTTT  
t1s26i   TCGACCTGCAGATATTGATTGAGGTGATTTGCGCATGACTCGACCATCCGATTTTTT  
t1s28i   GCAATCAGGTGAATCTGCCAATGTACTGGTCGGCATGACTCGACCATCCGATTTTTT  
t1s2i   TAATTCAAAATCCTTCTCTTGAGGAAACCCCGGCATGACTCGACCATCCGATTTTTT  
t1s30g   CTTTTATTAAATAATCCATTTCAGTATACGTGCTCGTCAAGCATGACTCGACCATCCGATTTTTT  
t1s4i   AAGGTAGTCGGTAAATTCAGAGACATGACGCTGCATGACTCGACCATCCGATTTTTT  
t1s6i   GGTAAGAAAAACGCTAATAAGGGGATTATGAAGCATGACTCGACCATCCGATTTTTT  
t1s8i   GTTTAATATCTATTGATTGTGACATAAACCATGCATGACTCGACCATCCGATTTTTT  
t2s11g   ATGGTGATTGTTTGCTCCAGACTCTTTTTGGGGCTTTTCTGCATGACTCGACCATCCGATTTTTT  
t2s13g   GATTATCAACCGGGGTCGTTCATCGATTCTCTTTGACTGTGCATGACTCGACCATCCGATTTTTT  
t2s15f   CTCCGGCCTACTCAGGCATTGCATACTACTATGCATGACTCGACCATCCGATTTTTT  
t2s17f   TAGTAGAAGAAAATATAGCTAAACGTCTGGTTGCATGACTCGACCATCCGATTTTTT  
t2s1g   CTCCTGTATACTTTCATGTTTCAGCTCGACGGCACTTATCGCATGACTCGACCATCCGATTTTTT  
t2s21g   TATTGATGCCTGAAAATCTACGCAATTCAAAGCAATCAGGGCATGACTCGACCATCCGATTTTTT  
t2s23g   CGAATCCGTTATTGTTTTCATCTGACGTTAAAAATTGCCAGCATGACTCGACCATCCGATTTTTT  
t2s25f   TCATCTGACTGGTGGTTTCTTTGTAATTCCTTGCATGACTCGACCATCCGATTTTTT  
t2s27f   TCAACTGTGTTTGATATTTGAGGTGAATGTCCGCATGACTCGACCATCCGATTTTTT  
t2s3g   CGCCTGGTACTGAGCAAGTCTCAGCCTCTTAATCATCAAAGCATGACTCGACCATCCGATTTTTT  
t2s5f   AGCCATGTTGCGCTTTCCATTCTGGGTTCCGGGCATGACTCGACCATCCGATTTTTT  
t2s7f   TGATTTTGGCTATGACCGAAAATGTTGTCTTTGCATGACTCGACCATCCGATTTTTT  
t3s10g   CTCAATCGCTTTTATATGTTGCCATCAATTACCCTCTGACGCATGACTCGACCATCCGATTTTTT  
t3s14e   TTAATGCTTTAAAATATATGAGGGTCATATTGGCATGACTCGACCATCCGATTTTTT  
t3s16e   TGCTTCCGAGGTTATTGACCATTTATTGGATGGCATGACTCGACCATCCGATTTTTT  
t3s18g   TTATGTATCTGCATTATCTTTTTGATGCAATCTTGGAGTTGCATGACTCGACCATCCGATTTTTT  
t3s20g   CTGACCTGCGCTTTGCTTCTGACTGTAATTCCTTTTGGCGGCATGACTCGACCATCCGATTTTTT  
t3s24e   CCTTCCTCTCCGCAAAATGATAATCAGGATTAGCATGACTCGACCATCCGATTTTTT  
t3s26e   GTTGGCCATCAGCAAGGTGATGCTTTAGATAAGCATGACTCGACCATCCGATTTTTT  
t3s28g   AACGAGGAAAGCACGTACGATTGAGCGTCAAACTATCTCTGCATGACTCGACCATCCGATTTTTT  
t3s30g   GAAGGGTTATGTAGGTATTTCCATCTCCCGCTCTGATTCTGCATGACTCGACCATCCGATTTTTT  
t3s4e   GTGGCTCTGCTTTAATGAGGATTTCCAGTACAGCATGACTCGACCATCCGATTTTTT  
t3s6e   TCGCCCTTCCGATGAAAACGCGCTTTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t3s8g   TTTGTTCAGGGTGTTCTGGTGTCTTTGCGTTTGTTGAATGGCATGACTCGACCATCCGATTTTTT  
t4s11g   TTTATCAGTAGCCTTTGTAGATCTCAATTTAAATATTTGCGCATGACTCGACCATCCGATTTTTT  
t4s13g   TTATACAATCTTCCTGTCAGGCAATGACCTGACTAGAACGGCATGACTCGACCATCCGATTTTTT  
  181  
t4s15f   GTTGAATATTCTAAAAATTTTTATCTTGCCTGGCATGACTCGACCATCCGATTTTTT  
t4s17f   TATGATTTGCGAAATGTATCTAATCTCTAATCGCATGACTCGACCATCCGATTTTTT  
t4s1g   CACTGACCATAGGCAGGGGGCATTCACCTATTCCGGGCTAGCATGACTCGACCATCCGATTTTTT  
t4s21g   ATTCAGAATTTACGTGCAAATAATTAATTCGCCTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t4s23g   GATTTTGTAACTTGGTATTTCTTTATTTCTGTGTATAATCGCATGACTCGACCATCCGATTTTTT  
t4s25f   CAAACAATGTTACTCAAACTTTTATGCTCCTAGCATGACTCGACCATCCGATTTTTT  
t4s27f   AAGATATTTTAGATTTTTCATTTGTCAGGTCAGCATGACTCGACCATCCGATTTTTT  
t4s3g   TACTTATATCAACCCTAATAATAGGTTCCGAACCGTTAAAGCATGACTCGACCATCCGATTTTTT  
t4s5f   ACTTATTAATTTGTTTGTGAATATGCTCTGAGGCATGACTCGACCATCCGATTTTTT  
t4s7f   GGAGGCGGACAGTCTGACGCTAAATTCCCTCCGCATGACTCGACCATCCGATTTTTT  
t5s10g   GAATAATTTTCTACGTTTGCTAACATTCTTGTGGGTTATCGCATGACTCGACCATCCGATTTTTT  
t5s14e   TTCTTTGCCCTTGCGTTGAAATAAGGCATTAAGCATGACTCGACCATCCGATTTTTT  
t5s16e   AAGGTACTGGTCAAACTAAATCTATTTGCTAAGCATGACTCGACCATCCGATTTTTT  
t5s18g   GCTCTTACTATGCCTCATAATAGTCAGGGTAAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t5s20g   TCAAAAGGAGACCTGATTTTTGATGGGTTATGATAGTGTTGCATGACTCGACCATCCGATTTTTT  
t5s24e   GTTGTTAGAAATTAATAACGTTCGCTTCCATTGCATGACTCGACCATCCGATTTTTT  
t5s26e   TTACGCTTCTGCTGGCTCTCAGCGATCTATTAGCATGACTCGACCATCCGATTTTTT  
t5s28g   TCGGCCTCCTGTTTAGGAGCGTTTTTCCTGTTACGTATTCGCATGACTCGACCATCCGATTTTTT  
t5s30g   TCTGTGCCGCAATGGCTGGCGGTATCTAAAATCCCTTTAAGCATGACTCGACCATCCGATTTTTT  
t5s4e   GGGTGGCGCAAGGCCAATCGTCTGACTCAAGGGCATGACTCGACCATCCGATTTTTT  
t5s6e   TATTTACCGGCAAACTTGATTCTGGGTTCTGAGCATGACTCGACCATCCGATTTTTT  
t5s8g   TCTCTGATATTAGCGCCCTTTATGTATGTATTTCCGTCAAGCATGACTCGACCATCCGATTTTTT  
t6s13c   CTCAAAAATAGGCATGACTCGACCATCCGATTTTTT  
t6s15g   CTACCCTCTCCAGGCTTCTCCCGCAAAGGCTTTATGCATGACTCGACCATCCGATTTTTT  
t6s17f   TGCTTAATCTCGTTCGCAGAATTGACCTCTTAGCATGACTCGACCATCCGATTTTTT  
t6s23c   TTTGATATGGTGCATGACTCGACCATCCGATTTTTT  
t6s25g   AGGTTCTAACCGGCAAAGGATTTAATATCTATTGAGCATGACTCGACCATCCGATTTTTT  
t6s27f   CGGCTCTATGGCACTGTTGCAGGCAAATATTGGCATGACTCGACCATCCGATTTTTT  
t6s3c   AACTGTTTATAGCATGACTCGACCATCCGATTTTTT  
t6s5g   CGGGCACTGTTACCTGCCTCAACCTCCTGGCTCTGGCATGACTCGACCATCCGATTTTTT  
t6s7f   AGGGTGGCTCGCTACTGATTACGGCCTTTAATGCATGACTCGACCATCCGATTTTTT  
t7s10g   CAAGTCGGAGTCTTAATCATGCCATGTTTCTTGCTCTTATGCATGACTCGACCATCCGATTTTTT  
t7s14e   TGCTCTGAAGTATTACAGGGTCATGCATGACTCGACCATCCGATTTTTT  
t7s16e   CAAAAATGGGAATCAACTGTTATATAGCTTTAGCATGACTCGACCATCCGATTTTTT  
t7s18g   GTCGTCTGGTAAACGATTATGGTCATTCTCGTGCCATCCGGCATGACTCGACCATCCGATTTTTT  
  182  
t7s20g   AGCTCTAATTTCTGAACTGTTTAATATTTTGGTTTTTATCGCATGACTCGACCATCCGATTTTTT  
t7s24e   ATGTATTACGAGTTGTCGAATTGTGCATGACTCGACCATCCGATTTTTT  
t7s26e   CCATTCAAGGTGTTAATACTGACCATCCTCAAGCATGACTCGACCATCCGATTTTTT  
t7s28g   TGGCGTACCGTTCCTGATATTGTTCTGGATATACTAATAGGCATGACTCGACCATCCGATTTTTT  
t7s30g   CATTAAAGTACCAGCAAGGCCGATACACTTCTCAGGATTCGCATGACTCGACCATCCGATTTTTT  
t7s4e   GAGGGTGGTGTCAATGCTGGCGGCGCATGACTCGACCATCCGATTTTTT  
t7s6e   ATAATTCATGCTGCTATCGATGGTGCGGCTCTGCATGACTCGACCATCCGATTTTTT  
t7s8g   TATTGGGCTTAACTCAATACTGCGTAATAAGGTGACGGTGGCATGACTCGACCATCCGATTTTTT  
t8s15c   AATGTTTTTGGGCATGACTCGACCATCCGATTTTTT  
t8s17g   TACAACCGATTTGGAATGAAACTTCCAAGCAATTAGCATGACTCGACCATCCGATTTTTT  
t8s25c   TTGTAAAGTCTGCATGACTCGACCATCCGATTTTTT  
t8s27g   AATACTTCTAAGCCTCACCTCTGTTTTAGTTCGCGGCATGACTCGACCATCCGATTTTTT  
t8s5c   GGCTCTGGTGGGCATGACTCGACCATCCGATTTTTT  
t8s7g   TGGTTCTGGTGTTCATTGGTGACGTTTAAATGGCTGCATGACTCGACCATCCGATTTTTT  
t9s10h   CTGGTGATTTTCGTTATTATTGCGTTTGGGCTTCGGTAAGATAGCATGACTCGACCATCCGATTTTTT  
t9s16e   TTATATTCGACACCGTACTTTAGTGCATGACTCGACCATCCGATTTTTT  
t9s18g   TGCAAAAGCCTCTCGCAGCATTTGAGGGGGATCTACAGCAGCATGACTCGACCATCCGATTTTTT  
t9s20h   AACATGTTGAGTCAATGAATATTTATGCTGGCAAAACTTCTTTGCATGACTCGACCATCCGATTTTTT  
t9s26e   GGGCTATCATCTTCTGCTGGTGGTGCATGACTCGACCATCCGATTTTTT  
t9s28g   CTCACTGATTATAAAAAGTTTGAGTTCTTCTAATGTTTTAGCATGACTCGACCATCCGATTTTTT  
t9s30h   TTTTAATGGCGCTCAGGCAAGTGATGTTCTTTTACTCGGTGGCGCATGACTCGACCATCCGATTTTTT  
t9s6e   TAATTCCCCCGGCCTTGCTAATGGGCATGACTCGACCATCCGATTTTTT  
t9s8g   GCTATTGCTATTTCATGTTCTTTTGGGTATTCGCTGGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s17h   TCTCAAGCCCAATTTATTTGTTACGTTGATTTTTTAGGTTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s27h   CCCTGATAGACGGTTTCTGGAACAACACTCAATAATGTGAGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑10s7h   TGGTAAGATTCAGGATCTCCCGCAAGTCGGGATTTATTGTCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s18e   GCAAGCCTTATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s28e   TCTTTAATAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑11s8e   ACTAATCTTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s19h   TCACTGAATGAGCAGCCTACTCGTTCTGGTGTTTCTCGTCAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s29h   GGACTCTTGTTCCAAATTCGCCCTTTGACGTTGGAGTCCACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑12s9h   TTTAAGGCTTCAAAACAAAATTGTAGCTGGGTGCAAAATAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s10e   TAATGCGCTTCCCTGTTTTTATGTTATTCTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s12i   TTGACATGGGGTGGTGGCTCTGAGCTATCCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s14e   ATATCGGTATTCTCACTCCGCTGACAGAAAATGCATGACTCGACCATCCGATTTTTT  
  183  
t-­‐‑1s14i   CCTTTTGATTAGCAAAATCCCATAAACTGTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16e   CGGATTTCGGGTGACGATCCCGCAGACCGAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s16i   ACCTTTTCCCCTGCAAGCCTCAGCAAAGCGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18g   AATAATGTTGTTCCGTTCCCTTATGATTGACCGCAGGTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s18i   TTAAAACGGGCTAAGTAACATGGAGTCTGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s20e   CTAAATCTCAACTGATGAATCTTTCTACCTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s22i   TGTAAAAGTTGATGGCGTTCCTATCAGACGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24e   CGTCGTTTAGCTGGCTGGAGTGCGTCAAACTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s24i   AATATGATTACTGTCGTCGTCCCCATCTTCCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26e   AGAAAAACTCGGTACCCGGGGATCGCACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s26i   CAACTGACCAGGCATGCAAGCTTGCTCTAGAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28g   CCACGTTCGCCGGCTTTCTCTCAGGGCCAGGCTGGTGAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s28i   TGTGACTGCTGTTGCCCGTCTCACGGTGAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s2i   CTAATCCTATGAAATTGTTAAATGAAAAAAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s30e   AGCAACCATAGTACGCTTCCCTTCCTTTCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4e   ACAGGCTTACCCAACCTAAGCCGGTTTGATAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s4i   TACTGGAACTCTCAGACCTATGATAGGTTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6e   GACAGCCGACTGTTGAGCGTTGGCGATACTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s6i   AAGATGGCTTTGTATAACGCATATTTTATACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8g   CTGTAAAGGCTGCTATTGTTCTCGATGAGTGCTAAGGAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑1s8i   ATGAATTTCCCGTTCTTGGAATGAGGTACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s11g   TCATTTACGTTCCTATTGGGCTTGGGTGGCGGTTCTGAGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s13g   GTGGCGGTTCTGAGGGGTGTTACGGTACATGGTAACGTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s15f   GGAAAGACTTAGTTGTTCCTTTCTTATGCGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s17f   GGCGATGGTGTCTTTCGCTGCTGAGACACAATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s1g   ATTCACTAATGTACTGTTTCCATTTAATTAATTTTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s21g   GCAGATGCCTGGCTACAGGAAGGCTGGTTAAAAAATGAGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s23g   TGATTTAACAAAAATTTTAATGTTGATGAAAGACGGTTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s25f   GATGCGCCAGAAGCGGTGCCGGAATACAACGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s27f   CGTGACTGGATTACGAATTCGAGCCACCCTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s3g   CTTGATGTTTGTTTCATCACATATATTGATTTTTGACTCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s5f   TCTCAGCGTACATATAGTTATATATTTCTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑2s7f   AATTATGATTCTCAATTAAGCCCTATTATTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s10g   TTGGTTTCATAAAAACGGCTTGCTTTTCATTTTTGACGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s14e   ATTGTCGGATTATTCGCAATTCCTGACAAAACGCATGACTCGACCATCCGATTTTTT  
  184  
t-­‐‑3s16e   CAAATCTCACCCTCGTTCCGATGCTTGTTGTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s18g   CGTAGATTTTTCTTCCATCTGTCCTCTTTCAACGATGATAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s20g   TTATCAGGAGTTGGTCAGTTCGGTTAGTTCGTTTTATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s24e   CTGGCGTTCCTGGTTTCCGGCACCCATCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s26e   CGCCTCTCAAACAGCTATGACCATGGAAAACCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s28g   AATCGGGGGCTCCCTTGGGGCAAACCAGCGTGACGCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s30g   CGCCCAATGACCGCTTGCTGCAACTCCCCGTCAAGCTCTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s4e   TTTATTCTGATTTGCATCAGCATTTCTTAATCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s6e   CGTAAATTTTGTTAAATATGGCGATTCCGGTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑3s8g   AAACAAAAAATCGTTTGATTCCTACGATGAAATACATGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s11g   TTTAGATCCTGGTGACGAAACTCATGGCGGTACTAAACCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s13g   CCTGAGTACGGTGATAGGCGTTGTAGTTTGTAGTTACGCTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s15f   AACTATGATCAACGTGAAAAAATTCGCAACTAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s17f   TCGGTATCCTCTGTAGCCGTTGCTCGTTGTACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s1g   TAAGCTATAAGCAAGGTTATTCACTCATCTTCTTTTGCTCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s21g   CCAACGTGTGTTACTCGCTCACATTAATGCGAATTTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s23g   AAAATATTAACGTTTAGGAGAATCCGACGGGTACCTATCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s25f   CATTACGGGGCGAATGGCGCTTTGACCCAACTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s27f   TAATCGCCAACAATTTCACACAGGCCCGCGCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s3g   AGGTAATTGAAATGAATAGCGACGATTTACAGCGCTATGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s5f   TTTCAAGGCTTTGTCTTGCGATTGTATTTAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑4s7f   GCCTTATTAAATTACATGTTGGCGAGGATGGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s10g   ATATTATTTATTGGGCGCGGTAATCTTATTTGGATTGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s12e   GGAATGCTACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s16e   TATAATCGCTTTAGTCCTCAAAGCAAGCTGTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s18g   ATAATGAGCCAGTTCTGCCAGCCTATGCGCCTGCGCTTGGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s20g   TTTGTTTCGGTCTGTACACCGTTCCAACGTCCTGACTGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s22e   TTTGTTCCCACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s26e   TGCAGCTGGGAATTGTGAGCGGATTTGCAGCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s28g   TGCTTTACGGCACCTCGGAACCACCATCAAACTTCATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s2e   AAATTAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s30g   TTGGCCGAAGGATTTTCGCCTGCTTAGGGTTCCGATTTAGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s6e   TCAGGACTGAAAATGCCTCTGCCTTATCACACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑5s8g   TAAATAATATGGCTGTTATCTGATTTGCTTGCTTTCTTGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s13f   TAAGAAATTTTTTTTTGGAGATTTGGGCTGTCTGTGCATGACTCGACCATCCGATTTTTT  
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t-­‐‑6s15c   GGCTCCTTTTGGAGCCTCACCTCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s17f   AAAGCAAGTTCCTCATGAAAAAGTCTGGGGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s23f   CATCCCCCGTTGCGCAGCCTGAATTCAATCCGCCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s25c   ATCGCCCTTCCCAACATTTCGCCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s27f   GCTGGCGTGGCTCGTATGTTGTGTGCACGACAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s3f   GGTCGGTAAAAGTTTTCTCGCGTTATTCTAAGGGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s5c   CTAAAATATATTTGAATTTCAAACGCATGACTCGACCATCCGATTTTTT  
t-­‐‑6s7f   CATTAAATCTCTTATTACTGGCTCTATCTATTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s10g   GTTGATAACCGGATAAGCCTTCTATTATTTTGTAACTGGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s14e   ATACAATTAAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s18g   AATTCACAATGATTAAGTTCTTGTCAAGATTAAGTGTTTTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s20g   CAAAGATGCTCTTGATGAAGGTCATAAAATCGCATAAGGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s24e   GGCCCGCACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s28g   ATTTGGGTGATGGTTCTCTTTTGATTTATAAGGACTGGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s30g   GGTTTCCCGGATTTTGCCGATTTCGACCCCAAAAAACTTGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s4e   GATGAAATTAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑7s8g   AAATTAGGCTCTGGAATCGCGTTCTTAGAATAACAGGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s15f   AGTGTATTCCCGTTTAATGGAAACCTGATAAACCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s17c   GGCATTACGTATTTTACTTTTGCCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s25f   AGCGGGCATACACTTTATGCTTCCAATAGCGAAGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s27c   TAGGCACCCCAGGCTTGTGAGCGCGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s5f   GTTCTGCAGTCGGTACTTTATATTTTAGGTCAGAAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑8s7c   AATTACTTTACCTTTTTTAGCTGAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s10g   ACATGTTGGGTTCGCTAAAACGCCAGACGCTCGTTAGCGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s16e   GCCTTCGTAGTGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s20g   TCTTTCGTGGGTAATGAATATCCGAGTTGAAATTAAACCAGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s26e   AGCTCACTCATGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s30g   AACGCAATCCCTATCTCGGGCTATACGTAGTGGGCCATCGGCATGACTCGACCATCCGATTTTTT  
t-­‐‑9s6e   CGTCTGGACAGGCATGACTCGACCATCCGATTTTTT  
ts-­‐‑rem1   GCCCTGTAGCGGCGCATTAAGCGCGCATGACTCGACCATCCGATTTTTT  
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Appendix B: Additional AFM images, Scaffold, and 
Staple Sequences for Chapter 4. 51,466-nt Single-
Stranded λ/M13 Scaffold 
B1: 51,466-nt λ /M13 Hybrid DNA Scaffold Sequence 
XbaI  Site  1-­‐‑
CTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGG
CCCGGTACCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTCCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG
TGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCC
TAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAG
CTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA
GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTA
ACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCC
GGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATC
TCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT
CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTAT
ATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCT
GCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTA
GTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTAT
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GGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAG
CTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCAT
AATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAAT
AGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTA
AAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAG
GAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAA
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAA
TAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGT
GTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTT
TCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC
GGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTC
GCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTC
GGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAA
TTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTCCCGCGCCATTCGCCATTCAGGCTGCGCAACTGTTG
GGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAA
GTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTAT
AGGGCGAATTGGAGCTCCACCGCGGTGGCGGCCGCT  –  XbaI  Site  2  –
CTAGAATATGATGAAAGATAGAAAATTACGACGCTTATCGGAAGTGAACGAATACTTTTTATATGAGGAGGGCT
GTTTTTACAAAATCCGGTAGTAACTTGCTAACCAATTCCTAGGCAGGTCATTGGCAACAGTGGCATGCACCGAGA
AGGACGTTTGTAATGTCCGCTCCGGCACATAGCAGTCCTAGGGACAGTGGCGTACAGTCATAGATGGTCGGTGG
GAGGTGGTACAAATTCTCTCATGCAAAAAATATGTAAAATCGGTAGCAACTGGAAATCATTCAACACCCGCACT
ATCGGAAGTTCACCAGCCAGCCGCAGCACGTTCCTGCATACGACGTGTCTGCGGCTCTACCATATCTCCTATGAG
CAACGTGTTAGCAGAGCCAAGCCACAACTCTAATTTTAATACATAATGAATGATAATAATAATATTAAAAATTTC
CTGTGTAACTAATTTACTATATGGTTTCTGATAAGAATCATTGCAAAGATCAAACAACTTGTATTACATTGACAGT
TAAGCAGTTAATTTTATCACCTCTAAAATATATCAGCATCTAGCATGCAACCTATCAAAATGGAGAGTTTTATGA
CTAAAAAACCATGGGAAAGAAGACTTAAAGATTTATCGCACTTGCTCAAATGCTGCATTGATACATATTTTGACC
CTGAATTATTTCGCTTGAATTTGAATCAATTCCTCCAAACCGCAAGAACAGTAACATTTATTATTCAAAAAAACA
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AAAACCAGATTATAGGATATGACATTTGGTATAACAATAATGTTATTGAAAAATGGAAAAATGATCCATTAATG
GCTTGGGCTAAAAATTCTCGCAATACGATAGAAAAACAAGGCGATTTAGAAATGTATAGCGAGGCAAAGGCTAC
TCTTATTTCATCTTACATTGAAGAAAATGACATTGAGTTTATTACAAATGAAAGTATGTTAAACATTGGTATAAAA
AAGTTAGTCAGACTTGCACAAAAGAAATTACCTTCATATTTAACTGAATCATCTATTATTAAATCAGAAAGACGA
TGGGTCGCTAATACGCTAAAAGATTACGAATTATTACATGCCTTAGCTATAATCTATGGCAGAATGTATAACTGC
TGTAACTCTCTTGGCATACAAATAAACAATCCAATGGGTGACGATGTGATTTCGCCAACATCATTCGACTCTTTAT
TTGATGAAGCCAGGAGAATAACTTATTTAAAATTAAAAGATTACTCCATAAGCAAATTGTCATTTAGCATGATAC
AATATGACAATAAAATAATTCCTGAAGATATTAAAGAGCGTCTAAAACTGGTAGATAAGCCTAAAAATATCACT
TCGACAGAAGAGTTAGTTGACTATACAGCCAAGCTTGCAGAAACGACTTTTTTAAAGGACGGTTATCACATTCAA
ACATTAATTTTTTATGATAAACAATTCCATCCAATTGATTTAATCAATACAACATTTGAAGATCAAGCAGATAAAT
ATATTTTTTGGCGTTATGCAGCTGACAGAGCCAAAATAACAAATGCCTATGGCTTCATTTGGATATCAGAGCTAT
GGCTCAGAAAAGCAAGCATCTACTCCAATAAACCAATACATACAATGCCAATTATAGATGAAAGACTTCAGGTA
ATTGGAATTGATTCAAATAATAATCAAAAATGTATTTCATGGAAAATAGTTAGAGAAAACGAAGAAAAAAAAC
CGACTTTAGAAATATCAACAGCAGACTCAAAACATGACGAAAAACCATATTTCATGCGTTCAGTCTTAAAAGCA
ATTGGCGGTGATGTAAACACTATGAACAATTGAGTCATAGAACTTCCATTATTCTCCTGAAGATAATAATCGCCA
AATAAACCAATACTCAGCTTTACAATATACTAACTAACCGCAGAACGTTATTTCATACAACGTTTCTGCGGCATA
TCACAAAACGATTACTCCATAACAGGGACAGCAGGCCACTCAATATCAGGTGCAGTTGATGTATCAACACGGTT
CAGCAACACCCGATACTTCTTCCAGGCTTCCAGCAACGAGGTTTCTTCCTTCGTTGCAATTTCCAGATCTGCAGCA
TCCTGAAGCGGCGCAATATGCTCACTGGCTACCTGCATCAGGCTTTTTTTTGTTTCTTCCGCCTCCCGGATCCGGA
ACAGTTTTTCTGCTTCCGTATCCTTCACCCAGGCTGTGCCGTTCCACTTCTGATATTCCCCTCCCGGCGATAACCAG
GTAAAATTTTCCGGTAACGGACCGAGTTCAGAAATAAATAACGCGTCGCCGGAAGCCACGTCATAGACGGTTTT
ACCCCGATGGTCTTCAACGAGATGCCACGATGCCTCATCACTGTTGAAAACAGCCACAAAGCCAGCCGGAATAT
CTGGCGGTGCAATATCGGTACTGTTTGCAGGCAGACCGGTATGAGGCGGAATATATGCGTCACCTTCACCAATAA
ATTCATTAGTTCCGGCCAGCAGATTATAAATTTTTATGGTCCGTGGTTGTTCACTCATTCTGAATGCCATTATGCAA
GCCTCACAATATAGTTAAATGCAATGTTTTTGACGGTGTTTTCCGCGTTACCCGCAGCGTTAACGGTGATGGTGTG
TCCGTGTGAACCAATACTGAAAGAATGGGCATGAGCACCGATAACAACCGGATGCTGGTGCGCACCAATACCA
ACTGTATGCGCATGTGCACCGGCACTCACGGCTGTACCGGACAATGAGTGACTGTGGCTGCCCTGACTGTCCGTT
TTCGATAAATAAGCAATACCCTGTGTGCTGGTTCCTTTAACTGTGGATAAACTTCCTGTAATGGTTGCTGTTCCAT
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ACTGACTCCAGCCAGAACTGTTCATCCTTAAACCACTTGTGTGGGCATGAGCACCCGCGGCCCCTGTTGAACCGC
TCAGACTGTGAGCATGAGCCCCCGTGTTATTCGTCGATTTGGTGCCGTAATCGAAACTGCCTGTTGTTTTCGTCCC
GTAATCAAACGACGATGTGGTTTTCGTCCCCAAATCCGTACCGGATGCACTGGCACTGTGGGTGTGCGACTTAAT
TCCATCCTGTTCCTGAGACAATACAGCACGACCGCTGGCGGGTTTCCCCTTGATTGTCCAGCCTCGCATATCAGG
AAGCACACCCGATGGATACGCGACAGCAAGTTTTGGGTAGGCTGATTTGTCAAACGCCTGCCCCTGCATCAGGA
CGTAGCCAGACGGAACGATATCTGATGGCCACGGGATCGGCGCACCTGCCGGAAAGGCCGAATTCTCACCGGCC
CCAAGGTATTCAAGAACATCTGCAACGGAATTTTTTGCCAGAATATCCCTGCCAACCTGAGTCAGTTCAGTCAGG
CTGGCGGCATCATTTTCCGCAAAATACGGTAATTTATTTTTCGCCGTGGAAAGCCCTGCCAGCGCCGTCAGTGTCG
CATTCTTCGGTTGTTTACCCGCAAGCGCGTTAGTCATGGTGGTAGCAAAATCTGGATCATTCCCGAGCGCTGCGGC
CAGTTCATTCAGCGTATTCAGTGCGTCAGGTGACGCGTCGATAACATCTGCAATCGCGGCCAGTACAAAAGCGGT
GTTCGCAATCTGGGTATTGTTTGTTCCCCTGAGCGCGGTTGGTGCTGTTGGCGTTCCGGTCAGTGCCGGACTGTCC
AGTGGGCTTTTCTGTTCGTTTCATCCATTACCACCTTAACCGCCTTTGGCGTTGCAGCAAGCGTTTCAGACGTGCTG
TTGGTTGCACTGCTGAGCTGCACTATCCCCTTTCTCGTTGTGTCCGCATCCTCAAGCGCGACAGCTGAAGCTATAT
CTTCTGCACGTTTTGCCGAATTTTTTGCACGTATTGCCGCCGCTTCTGCCGCACTTTTGCTCTGCGATGCTGATACC
GCACTTCCCGCAGCCTCTGTCGCCTTCGTGGATGCCGTTGACGCACTCCCCGCCGCCGCTGTTTTTGCGTCTGCCG
CGGCAGAGGCGCTCCGTTCCGCTGCTGTTTCAGATGACCTGGCATTCGTCTCGGACGTTTTTGCCGCCCTGGCAGA
ATTTTCTGCCGCCGTTGCCGAGGAAGCTGCACGACCGGCACTTGATGATGCGTTCGTTTCTGATGATTTTGCTGCC
TCTTTTGAGGCCACCGCATCTCGTGCTGAAGTGGCGGCCTCTGACGCTTTCGTGGCCGCGGTGGAGGCAGACGTG
GCGGCTGATTGTTGTGACGCTGCAGCATTCGTTTCTGACGTTTTCGCCGCACCGGCACTGGTGGCCGCCGCGTTTT
TTGAGGACTCTGCGGCTGCGGCACTTTTTTCCGCTTCAGTGGCCTTTGCTGATGCCGCTTCTGCGCCGGAGGACGC
TTCCTGAGCTGACGATGCAGCCTGTCCGGCGGACGTGCTGGCGGCGCGTGCTGAGTCAGTTGCATCAGTCACAAG
GGCCGCGACCTGAGCAGCTGATGCACTGGCATCGCCGGCTGATTTCTTCGCGTCTGCCGTACTCTGTGCCACCAC
GGACGCGTTACGCGCCACCTCTTCCACCATCAGTTCAAGACGACGCAGCACCTCCGGCCGGGCATCATCCTCCGT
CATGGCACAGAGAAAATCATTCAGCGTCCCCGGTTGTGAATCTTCATACACGGTGATGGTCCCGGCGTGCGATGG
TGGAAAACCGTCAACCTGCAGGATGACACTGTACTGACCGTACTCCACATCCATGCTGTAACGCCCGGCTTCATC
CGGATTCTCTGAGCCCACCGTGTTCACCACCACCGTGGTGCTGTTACGTCTGGCTTTCAGCTGAATGGTGCAGTTC
TGTACCGGTTTTCCTGTGCCGTCTTTCAGGACTCCTGAAATCTTTACTGCCATATTCACCCCACAAAAAAGCCCAC
CGGTTCCGGCGGGCTGTCATAACACTGTGTTACCTGGCTAATCAGAATTTATAACCGACCCCAACGATGAATCCG
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TCAGTACGCCAGTCGCCACTGCCGGAGCCTTCATAAGCAATATCAACAACGACGGACGCTGCCGGATTAATCTG
TATACCTGCACTCCACGCCACTGAGGTATGCCGCATTGCACTTTCGTCCCTGGCAGTGGTCGTCTCTTTCATATAC
CCGGGAGTGATTTCCGTCTTACGGTAATCCATTGTACTGCCGGACCACCGACTGTGAGCCACTCCGGCCATGGCG
TACGCACTGACCTGCTTACTGATTTGTAAAACCGGTCCGGCCATCACGCTCACATAACGTCCACGCAGGCTCTCA
TAGTGAAACGTATCCTCCCCGGTCATCACTGTGCTGCTCTTTTTCGACGCGGCGAACCCCAGGGAAGCCATCACC
CCCACACTGTCCGTCAGCTCATAACGGTACTTCACGTTAATCCCTTTCAGATGACTCACACCGGTATCCCCGCCCG
ACAACGACGGCAATGTACCCGGTTTCACTTGAAAATAGCCCACCGTAAACGTACCATGTCCACCTTCCGCACGG
GCCGGAGTGACTGTCACCGCAAGTGCGGCAAAGACAGCAACGGCAATACACACATTACGCATCGTTCACCTCTC
ACTGTTTTATAATAAAACGCCCGTTCCCGGACGAACCTCTGTAACACACTCAGACCACGCTGATGCCCAGCGCCT
GTTTCTTAATCACCATAACCTGCACATCGCTGGCAAACGTATACGGCGGAATATCTGCCGAATGCCGTGTGGACG
TAAGCGTGAACGTCAGGATCACGTTTCCCCGACCCGCTGGCATGTCAACAATACGGGAGAACACCTGTACCGCC
TCGTTCGCCGCGCCATCATAAATCACCGCACCGTTCATCAGTACTTTCAGATAACACATCGAATACGTTGTCCTGC
CGCTGACAGTACGCTTACTTCCGCGAAACGTCAGCGGAAGCACCACTATCTGGCGATCAAAAGGATGGTCATCG
GTCACGGTGACAGTACGGGTACCTGACGGCCAGTCCACACTGCTTTCACGCTGGCGCGGAAAAGCCGCGCTCGC
CGCCTTTACAATGTCCCCGACGATTTTTTCCGCCCTCAGCGTACCGTTTATCGTACAGTTTTCAGCTATCGTCACAT
TACTGAGCGTCCCGGAGTTCGCATTCACACTGCCACTGATATCCGCATTTTTAGCGGTCAGCTTTCCGTCCGGTGT
CAGGGAAAAGGCCGGAGGATTGCCGCCGCTGGTAATGGTGGGGGCCGTCAGGCGCTTCAGGAACACGTCGTTCA
TGAATATCTGGTTGCCCTGCGCCACAAACATCGGCGTTTCATTCCCGTTTGCCGGGTCAATAAATGCGATACGATT
GGCGGCAACCAGAAACTGGCTCAGTTTGCCTTCCTCCGTGTCCTCCATGCTGAGGCCAATACCCGCGACATAATG
TTTGCCGTCTTTGGTCTGCTCAATTTTGACAGCCCACATGGCATTCCACTTATCACTGGCATCCTTCCACTCTTTCG
AAAACTCCTCCAGTCTGCTGGCGTTATCCTCCGTCAGCTCGACTTTTTCCAGCAGCTCCTTGCCGAGATGGGATTC
GGTTATCTTGCCTTTGAAAAAATCCAGGTAACCTTCCGCATCATCGCTCGCCCGACCGACGGCCTCCACGAATGC
CGATTTGCCAACGGTGTTCACACTGCGGATATAAAAGTAATAATCATGGCCCGGTTTGATATTGATACTGGCGGC
TATCCAGTACAGCGCCGTACCAAGATAACGCGTGCTGGTTTCAACCTGTCTGATATCCGCAATCTGCTTTTCCGAG
AACCAGAACTCAAACTGTACCGTCGGGTCATAAACGGCAAGATGCGGCGTGGCGGTTATCTGAAAATAGCCCGG
CGTCAGCTCAATCCTCGACGGTGCTGCCGGTGCGGCAATCCGGAACGATACCGACGCCGGATCGCCCTGCTGCC
CCCACGCATTTACCGCCCGGACTGTCAGCCTGTAGTTCCCCAGCGCCAGTTGCGTGAAGCGGTATGTGGTTTCCGT
CGTCCGGGCCGTGCTGACCAGCCGCTCACTGCCGTCGTCCGCTGTTACGGTCAGACGGAGCAGGAAACTCACGC
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CCTTCACCACCTTCGGTGTGTCCCATCGCGCCAGCACCTGATATTCCCCGCTGTCTGCAGTGACTTCTGCGGTCAG
GTGCTGCACCGCTGGCGGCGTGACACCATTCACCGTGCCACTCTGTTCGCCGTCAAAGTGCGCCCCGTTATCCAC
GATGGCCTCTTTTTCCGGCACATGCTGCACGGCGGTGATGGCATACGTGCCGTCGTCGTTCTCACGGATACTCACG
CAGCGGAACAGTCGCTGGCGCAGCGTCGGCAGCTTCAGCTCCCATACGCTGTATTCAGCAACACCGTCAGGAAC
ACGGCTCACTTTTACCTTCACGCCGTCGGTGACGGACTGAACCTCCACGCTGACCGGATTGCCACTTCCGTCAAC
CAGGCTTATCAGCGCGGTACCGGAGGATGGCAGCGTGATTTCACGGTCGAGCGTCAGCGTCCGGGTCTGGCTGTT
CACCGCCAGCACACGACCACCGGTGCTGATACCGGCATAGTCATCATCGCAGATTTCAATAACATCGCCCGGTA
CATGGCGAAGCCCTTCTGCGCCGACGCTGAAATCCACGGTCTGCGTTTCCAGCAGTTCTGTTTTAATCAGCCACA
GCCCGGCGCGGTGTGCCTGCCCCCGGCTGGTACAGCCAAAGGCATCCATCTTCGTAACATTACGACCGTAACGG
GCAATGGCCTGCGTATCTTCAACAAGCTCTGTCGCCGTCTCCCAGCCGTTGTTCGGGTCAATCCAGTTCACCTCAA
CGGCATTATGGCGGTCCTTCAGGGCGCTGAAGCTGTAGCGGAACGGCGCGCCATCATCCGGCATCACCACATTA
CTGCGGTTATAGGTCCACGTCTTATCCGACGGTCGGTCCTGCACGAACGTCAGCGTCTGCCCGTTCCATACCGGC
ATACAGCGCATCGCCGAGCAGAAATCGCTGAGCACATCCCACGCCTTACGCTGTGTGGTCAGGTACGCATTACA
GGTGATGCGCGGCTCCGTGCCGCCAAAGCCGTCCGGCACTGACTGGTCGCAGTACTGGCCGATGACATACAGCG
CCCATTTATCCACATCCGCCGCACCAAGACGTTTCCCCATGCCGTAGCGCGGATGGGTCAGCATATCCCACAGAC
ACCAGGCCATGTTGTTGCTGTATGCCGGTTTAAACGTTCCGTCCCAGATACCGCTGTATTGCCGCGTCTGCGGGTT
ATAGTTCGACGGCACCTGCAGAATACGCCCGCGCAGATGATAATTACGGCTCACCTGCTGGCTGCCGAACTGCTC
CGAGTCCACCTGCACGCCGACCAGTGCCGTGTTCGGGTAGCACTGTTTCACATCGATGATTTCAGTGTATGACGA
CCAGAGCGTTTTGTTCTGCAGCTGGTCTGTGGTGCTGTCCGGCGTCATCCTGCGCATCCGGATATTAAACGGGCGC
GGCGGCAGGTTACCCATCACCACCGAGGCCAGATACTGCGAGGTGGTTTTGCCCTTAATGGTGATGTCTTTTTCCG
TCACCCAGCCACCGTTACGTTGTATCTGAACCAGCAGGCGGACTTCCGACGGATTCCTGTCACCCTTTGAGGTGG
TTTCCACCAGTGCCTGTACACCGAAGGTAAAGCGCAGACGGTCGATGTTTGCAGACGTAATGGTGCGGGTGATC
GGCGTGTCATATTTCACTTCCGTACCCAGCACCGTCTCGGAGCCGGAGGATTCAAATCCCTCCGGCGGAGTCTGC
TCCTGCTCACCAGCCCGGAACACCACCGTGACACCGGATATGTTGGTATTCCCCTCAGTGTCCAGCACCGGCGTA
CTGTTCAGCAGCACGCTTTTTAAGCCATCCACCGGACCTTCAATCGGCCCTTCGCTGATGGCATCGATCACACTCA
GCAACTGCGTGGACTTCAGGTTGTCCTTCGCTTCGCGCGGGGTATGCCCCTTACTGCTTCCTTTACCCATTCCTCAC
GCTCCATAAATGACAAAACCGCCCGCAGGCGGTTTCACATAAAACATTTTGCATCAGCGACCAATCACCACAAC
CTGACCACCGTCCCCTTCGTCTGCCGTGCTGATCTCCTGAGAAACCACGCGTGACCCCACGCGCATTTCCCCGTAC
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AGAACAGGCAGAACATTGCCCTGGGCAACCATGTTATCCAGTGAGGAGAAATAGGTGTTCTGCTTACCGTTATCC
GTTGTCTGTATACGGGGAGTTCTGGCTTTCGGTGCCAGCATCTGCGCCACACCACCGAGCACCATACTGGCACCG
AGAGAAAACAGGATGCCGGTCATACCACCGGCCCCAATGGCTGCCCCCCATGCTGCAAGGGTGGCTCCGGCGGT
AAAGAATGATCCGGCAATGGCGGCAGCCCCCAGGACAATCTGGAATACGCCACCTGACTTGGCCCCGGCGACTC
TGGGAACAATATGAATTACAGCGCCATCAGGCAGAGTCTCATGTAACTGCGCCGTTAACCCGGACGTGCTGACG
TCCCGCCCGGCAATCCGTACCTGATACCAGCCGTCGCTCAGTTTCTGACGAAACGCCGGGAGCTGTGTGGCCAGT
GCCCGGATGGCTTCAGCCCCCGTTTTCACACGAAGGTCGATGCGGCGACCAAATCGTTGTAAATCCCCGTAAAGG
CAGATGCGCGCCATGCCCGGTGACGCCAGAGGGAGTGTGTGCGTCGCTGCCATTTGTCGGTGTACCTCTCTCGTTT
GCTCAGTTGTTCAGGAATATGGTGCAGCAGCTCGCCGTCGCCGCAGTAAATTGCGGCGTGATTCGGCACTGATGA
ACCAAAACAGCACAGCAGCACATCGCCCGGCTGTGCCGCTGACAACGGCACCTGATACAGCCCCGTCGCCTCCA
GATTATCCAGATAGAGATTCTGGCCGTTACGCCACCAGTCATCCTCACGATGAAAGTCCGGCATCTCAATCCCCG
CCAGATGATAAGCATCCCGGAACAGTGTGTAACAGTCCGTCACACCGTGCTCAAAGCGCCGCCCGGTGAGATGC
GGCACACAGCGGAACTTATGAATCGTCCCCCGGCAGACCAGCCACCACGGCAAATCACTCTGCACCTGCAGCCG
CCGGTCGGCCTCACTCAGCCAGGGCAGACCACCGGGGTGGCTGTGGACCAGCGCCACAATCTCACCCTGCATTT
CTGCCTGCAGCCAGTCTTCCGGCGACATACGGAAATAGCCTCCGGCTCACCGGAGATATTCACGCAGGGGAAAT
ATCTTTCCCCCTCCGGCGTGCTTACCACGAAGCCGCACGACTCCGCTGGCGCACATCGCCGGGCGTGCGCCAGAA
TCGCTGATTCTGTCTGTGTCATGGGATTTACTGCGAAAGTTTGTTAATGGAAAGGAAGCCGCCAAAGTTGCCGAC
GTTATTGCGGAACTTACAACCGCTCAGGCATTTGCTGCATTTATCCTTCGTGATATCGGACGTTGGCTGGTCATAT
TCATCCGCGACAGCCGGACCGCTATAACCGCACTCGTCACCGCGATAGGTCCAGGTGCAGGTGTTGGCCAGCAT
GATACGTCCCGGAAAAACAGCGCCATCCGTTTCCGTCGGCGTGGACAGTACAAAGGAGGCACTCACCGCGCTCA
GTTCGCTGCACTGCTCAATGCGCCAGCGGCTGATCACCTCCTGCTCCGGATCGGCGTAACTGTTTCCGTTGACGAA
GTTCACCGCATCCAGAAAACGGGCGTAAACCTTACGCCGGACCACCGTTCCGCCGACCAGACTCTGCATATCTTC
CGCCATCCCGGTGACCATACCGTACAGGTTAGAAACCGTCAGCGTGGGGCGCGTACTGGTGCCTTTGCCATTCAG
TTCAAAACCGCTCCCCTGAATGGGATACGGCTGATACTGTCGCCCCTGCCAGGTGACCGGCTCACCTTTTTCGTTC
TGCTCATTACAGAAAAAATAACGTTCTCCACCGACCTCTGTCAGGTCGATTTCCCAGAGCACCACGCTGGCCGAC
TGCTCCGCACGGGTGCATTCATTCAGTGTTTCCTGCCGGATATCCTGCATCAGTTCACCACCTGTTCAAACTCTGC
GCTGAACTCAACACGCAGCATACTGACCCGCGACGACCATTTTGCGCAGGTCACCTTTATCTGCCGCCACTCATA
AGGCGGCGTCCACAGAAAGGATTTCCAGCCCCCGTGCTCTTCCAGAAACGACTCCAGTACCGTGGCCTCCTCAC
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GGGGGACAGAAAGCGTCACGCTGTACGTTTTCAGGTTGGCATTCAGCCCGGCAGGCGCTCGCTGAGAATAGCCA
TCACCAAAGCGCACCTTTCTTACAGAAGGGACCGAAGCCACATCCATACCGGGTTTCACTTTCCAGCGGAAGGTC
TTCATCGTCCACCTCCGGAGAACAGGCCACCATCACGCATCTGTGTCTGAATTTCATCACGGGCACCCTTGCGGG
CCATGTCATACACCGCCTTCAGAGCAGCCGGACCTATCTGCCCGTTCGTGCCGTCGTTGTTAATCACCACATGGTT
ATTCTGCTCAAACGTCCCGGACGCCTGCGACCGGCTGTCTGCCATGCTGCCCGGTGTACCGACATAACCGCCGGT
GGCATAGCCGCGCATCAGCCGGTAAAGATTCCCCACGCCAATCCGGCTGGTTGCCTCCTTCGTGAAGACAAACTC
ACCACGGTGAACAATCCCCGCTGGCTCATATTTGCCGCCGGTTCCCGTAAATCCTCCGGTTGCAAAATGGAATTT
CGCCGCAGCGGCCTGAATGGCTGTACCGCCTGACGCGGATGCGCCGCCACCAACAGCCCCGCCAATGGCGCTGC
CGATACTCCCGACAATCCCCACCATTGCCTGCTTAAGCAGAATTTCTGTCATCATGGACAGCACGGAACGGGTGA
AGCTGCGCCAGTTCTGCTCACTGCCGGTCAGCATCGCCGCCATATTCTGTGCAATACCATCAAAGGTCTGCGTGG
CTGCACTTTTTACCTGCGACATACTGTCCGTGGCGCTCTCTTCCCACTCACTCCAGCCGGACTTCAGGCCTGCCAT
CCAGTTCCCGCGAAGCTGGTCTTCAGCCGCCCAGGTCTTTTTCTGCTCTGACATGACGTTATTCAGCGCCAGCGGA
TTATCGCCATACTGTTCCTTCAGGCGCTGTTCCGTGGCTTCCCGTTCTGCCTGCCGGTCAGTCAGCCCCCGGCTTTT
CGCATCAATGGCGGCCCGTTTTGCCCGTTGCTGCTGTGCGAATTTATCCGCCTGCTGCGCCAGCGCGTTCAGGCGC
TCCTGATACGTAACCTTGTCGCCAAGTGCAGCCAGCTGGCGTTTGTACTCCAGCGTCTCATCTTTATGCGCCAGCA
GGGATTTCTCCTGTGCAGACAGCTGGCGACGTTGCGCCGCCTCCTCCAGTACCGCGAACTGACTCTCCGCCTTCC
ACAAATCCCGGCGCTGCTGGCTGATTTTCTCATTTGCTCCGGCATGCTTCTCCAGCGTCCGGAGTTCTGCCTGAAG
CGTCAGCAGGGCAGCATGAGCACTGTCTTCCTGACGATCGCCCGCAGACACCTTCACGCTGGACTGTTTCGGCTT
TTTCAGCGTCGCTTCATAATCCTTTTTCGCCGCCGCCATCAGCGTGTTGTAATCCGCCTGCAGGATTTTCCCGTCTT
TCAGTGCCTTGTTCAGTTCTTCCTGACGGGCGGTATATTTCTCCAGCGGCGTCTGCAGCCGTTCGTAAGCCTTCTGC
GCCTCTTCGGTATATTTCAGCCGTGACGCTTCGGTATCGCTCTGCTGCTGCGCATTTTTGTCCTGTTGAGTCTGCTG
CTCAGCCTTCTTTCGGGCGGCTTCAAGCGCAAGACGGGCCTTTTCACGATCATCCCAGTAACGCGCCCGCGCTTC
ATCGTTAACAAAATAATCATCCTTGCGCAGATTCCAGATGTCGTCTGCTTTCTTATACGCAGCCTCTGCCTTAATC
AGCATCTCCTGCGCGGTATCAGGACGACCAATATCCAGCACCGCATCCCACATGGATTTGAATGCCCGCGCAGTC
CTGTCTGCCCAGGTCTCCAGCGTGCCCATGTTCTCTTTCAGGCGGCGGGTCTGGTCATCAAACCCTTTCGTTGCGG
CCTCGTTCGCCGCCTGCAATGCCCCGGCTTCATCGCCGGAACGCTGCAACTGAGCAACATACGCAATCTGCTCCG
CCGACACGTTATGGAACTGGCGAGCCATCGCCGTCAGCCCCGACGTCGGGTCTGTGGTCAGCTTCCCGAAGGCTT
CAGCGACCTTGTCCACCTCCACGCCGGATGCAGAGGAGAAACGCGCCACACTCTGGCTGATGGACGCAATCTGA
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GCCTCACCGCTTACCCCCGCCTTAACCAGTGCGCTGAGTGACTCGCTGGTCTGGTTAAACGTCAGCCCTGCCGCCT
GCCCGGCTCTGGACAGGACCAGCATACGATCTGCCGTCAGTCCCGCCTGATTGCCGGAAAGGACCAGCGTTTTGT
TGAAATCGGACAGGGTTGAGTTGCCCTGATACCAGGCATACGCCAGCGCACCGGTCGCCACCGCCAGCGAGGTG
GCCCCCACCATCGGCAGGGTGATCGCACCGGCAAGCCCCCTGAACATGGGGATCATCCCGCCGAAGGAGTCCTT
CACCTGCCCCCCCTGTTGCAGCAGGATCAGCCACGGACTTTGCCCGCCTGCAAGCTGCGTGGCCACGTCGGTGAA
CTGTGCAGGCAGCATACGCATGGCGGCTTTATACTGCCCGACGGAAATCCCCGCTTTCTGTGCAGCCAGCGCCTG
TCGGCTCAGCGACTGTTCAACGACTGCCGCTGTTTTTTTCGCATCACTTTCCGTACCAGAAAAATGACGCCTGACT
CTGGCCATCTGCTCGTCAAATCTGGCCGCATCCAGACTCAAATCAACGACCAGATCGCCTACCGGTTCAGCCATA
CCGGACTCCTCCTGCGATCCCTTCTGATACTGTCATCAGCATTACGTCATCCTCCGTCATGTCCGCCACATCCGGG
GAAGCGGGGATAACTTCATTCCCGTCCGGGCCAAAGCGGACACCTCCGGCAAGCCCTGCCGCTTTCTGCATCAG
CACATCATCTTCAGGCTCTTCGTCAGCCTCGCGCCGGTTCAGCAGACTGAAATCCAGCGGATGCATATCCGGATC
GCTGAAAAACAGGCTGAGCACGGTGTACGTCAGCCCGGAAAAGTGCATATCCAGCAGAACATCATGAAAATAA
TGGGTACTGTAAAAGCGGTGCCAGTCGGCATACTCCGTGGATGACATCCCGGCAAGCATGGCACGCCAGTCGGG
TCGCCCCATCTCACGCGCCAGTTTCAGGGCAAAACTCAGCTCACCGTCGAACACTTTCCCGCAGAAACAGGCTCT
GCGGGCCCGGCGTCCTCTGTCTGTTCAGGGGCATTATTCACCACAAACTCATACATACCAGACAGCCGGTACACC
ACGTTTTCAGCATGAGAAATTGCCTCCGTGGGCCAGGTGGTAAGCACTTCCTGCTCAATCTGTTTAACGGCTTCAT
TCATGGACGGCATCTGCGTCTTCTGCGGATGGTTATGCCACAGGGACATCGCCACCAGAAACGCGCCGGTTCTGA
TGGCGTCTTCCACAGTAAACTTCCGGTTGCTGTCTGACTCCGCCTGTTCTGCCTGCCGTTTCATCAGGGCGAGATG
CTCAATGCGCTGCAGGGCTGACAGTTCAGAAAGCGTGACGGTCACACCGTTATGTTCAAATGATTCGGTTTTCAG
GAACATCGCTGACTCTCCGGATTAACTGGCGGTGACGGTAATTTCTGCAACCGCAGCAAACTCACCATTACCGGA
TACAACCGGAATGTTGACCTTGCCTGCAGCAACGCCGTTCACGGTGATGGTCATACCACTGACCGACACGGTGGC
TTTTGTTTTATCCGCAGACACCGCACGAAAGCTCTTGTCGGTTACGCCCTCCGGCTGGAAGGCCACGGTCAGCGT
GGTGCTCTGCCCTTTCACCACCGAGGTGCTGGCAGGCGTCACGGTCATGCCGGTTGCCGCTGTTACCGTGCTGCG
ATCTTCTGCCATCGACGGACGTCCCACATTGGTGACTTTCACCGTGCGGGTGATCACTTCCTTCGCCGTCACCGCC
TTACCGATACTGCTGACCCAGCCACGGAACACATCGACCGTGCCGTTCGGGAAGCGGATTTTATAGGCACGGGT
ATCGCCTTCATTAAACCACGCCAGCAGCGCCTGCTGCCCCTGCTCTCCGGGCATCCACGCCAGCGTGAAGCTGGT
ATCTCCGGCAGATTTCTGCCCCTGCCCGGTCGCAGTCCAGTCTGCATCTTCATCATCGAGATAGCTGTCGTCATAG
GACTCAGCGGTCAGTTCGCCGGGCGTCAGGTCTTTAACTTTTGCCAGACGCGACCAGTCAACGTCTGAAAGCGGA
  195  
TTCGCGTAAGGGTCACCGCTCCCCTTATAAACCCACAGGGTGGTCCCGGCACCTTTCACCGGCATTGTAGGATTT
GGTACAGGCATAGCGTCCTCACATTTCATAGGTAATGACATAAGTCAGATCGGCTGAACTCCACAAGCCCGCAT
CATCGTCGCGCCGGTAGTCATAGCCGCTGGCCACCATACTGGTGATCAAATCTGACAGTGCCGGGATATCGCTCA
TCACCGGATAAATCCGGGACTCCATCCACGCATCCAGCTCTGAATCCGGCACCTGAGCAGGCAGGAAAACTTCG
ATATGCAGCTCCGCCTGCCAGGTATCGCTGTCCAGCTCTTCGCCCGTGTATTCAGCGCCGGTGAGATAAACGGCA
ACTGCCGGAAAATCCGCCTCATCAAAAACAGCGGGGCGACCATCAAAAAACGTCGCCCCGGTGTCATGCTTCTC
CAGTGCATCCAGTACGGCTGCACGGAGTTCAGTATGTTTCATCGCTTTATTACCATCCTCAGTTGATGCTGCAGCG
CATAGCCCAGCTCTTTCGGAAGACGTTCACGCCGTATCCGCTCAATATTTTGTTTAAACGCCGTGGTCAGCGGCAC
CGCCATCGGGATTTTCACCACATCAATGGGGTAACGGTTTTTCCCAGCCACACGCTGCATGACATGCCACCGGCC
ATTTTTCAGTTGCTGAATAAACGCGCCGGGAATACGACGGTTACCCACCACAAGCACGCTGCCGCCACCTTTCAG
GGATGAACGCTGCCCCTTTTTACGACGCCTGCGGCGCGAAAGGACAACCCGCGCATTACCCAGCTTGATTACGG
GCAAATCCCCCCGGTTAACTTTGATTCTGGCCTGCGGATTTTTGACCGTGGCCCTTTTCAGCCTGGCCCTTTCCTTT
ACCAGTTTCCGGCGTACCTTTGTCTCACGGGCAACCTGTGACGCCGACTGCGATATCGCGGATGAAGCAACGCGG
TTAATGGCCATTGCGGCGGCACCAGGCACCGCCGTTTTGCTGATACGGCTGAGGTTTTCAACGGCCTGCTCAAGA
CCTTTTATGGCCATACATCCCCCTTTCAGCGGCGACGGTTAACGGCAGGCGGTACGCCCCGTCCAAGCCAGAGAT
GACAACTTCCGCCATCATCCGGCGAAACCCGATCTACCCAGAAATTTTCCTCACCGATGGTCAGCGTGTCTCCAC
GCCGCAGCTGCCGCACCTCATCAGTCCGGACAAACAGGGACGGGCTGGAGCCTTCAACGCGCACGCCCTGTCCG
GCATAGCTGATATTTTCAGGGTCATCAAAAACACCACGTATCACCGCACCTGACTGCTCACCGGATGTAATGGTG
GCTGACGTTCCCATGTACCCGCGTATCGTTTCATCGGCGCGGGCAATGGCAGCATCGAACAGGTTATCGAAATCA
GCCACAGCGCCTCCCGTTATTGCATTCTGGCCAGGCCGCGCTCTGTCATTTCGGCTGCCACACCGGCAGAGACAC
GAAACGCCGTTCCCGGCAGCACAAATGCCACAGGTTCATCCCGCGTGGCGTGAAGTGCATCAGTATGCAGCTTC
ACCAGTGCCACGACCGTGACCAGTTCAGACGTATCCAGAATCACGGTATCCGGCTGCGCTGATCCCACCTCATTT
TCATGTCCGGTCAGCACATTTTCCCGGCTGAGAGGGGTGTCCTGACCGGCAGTTTCATCCGTGTCATCAAGCTCCT
CTTTCAGCTCTGCCACACGGAGCGCCAGTTCTTCTTTCGTCCCCGTCAGGCTGACATCACGGTTCAGTTGTTCACC
CAGCGAGCGGAGACGGGCAATCAGTTCATCTTTCGTCATGGACTCCTCCACAGAGAAACAATGGCCCCGAAGGG
CCATGATTACGCCAGTTGTACGGACACGAACTCATCAGGGTCAGCCAGCAGCATCAGCGGTGCTGACTGAATCA
TGGTGAACTCACGCGCCGGATCGCCGGTGGTCACCCAGTTTTTCGGGTAACGGGCAGAGGCGTTAATGCCTTCGC
GCTGTGCGTCCGCATCCTGAATGCAGCCATAGGTGCGCAGACCGCGTGCCTGAGTGTTCCCCAGCACCATCGTGT
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TGTCCGGCAGGAAGTTCTTTTTGACGCCGTTTTCCACGTACTGTCCGGAATACACGACGATGGCCACATCGCCAT
ACATCCCCTTATAGGACACCGCTTTGCCCAGGTCTTTCACCGCTGTCTCCAGCTCGGAATTAGAGCCACGACGGG
TATCCAGCTTCTCCTTGACGGCTTTGAAGGAACGGAACAGCGCCCAGCCTTTCGGATCGAACACGATGATATTCA
CCACACCGCTGGCGTTCAGCGCGTAGGCTTCGATATCGTCGGTCGGGTCATACGTGGACTTGTCACGCTTGCTCC
ACTCCGTGCCGCCGGACTGCGTGATGTTATTCTCCTCACTGCGGCCCATATCCACCTCAACCGGATCGAAGGCTTC
ACCGGTCATGGTGTATTTGCCCTTAAGCACGGCAGAAACTGCCTGCATCTCTTCGACCTGAGCAATGGCCAGCTC
TTCGTCACGCATGTTCTGCATGATGATGCGACGGCGGCGGTAAGCCGGGTCCGCCAGATTCTGCGGATCTTCATC
CGGCAGGCGACGCAGGGTCATCTGCGGATTCACTTCATGCTTCGGCTTGACATATCCCGGCGTAAATTCAGAGGT
GGAGCCGCCACGGGAACGGATAACCTCACCGGAAACAATCGGCGAAACGTACAGCGCCATGTTTACCAGTCCC
GGAATTTGTGAGAGATAGACTTTCTCCGTGGTGAAGGGATAGCTCTCACGGAAAAAGAGACGCAGAAACAGCG
GATCAAACTTAAATTTCTGCTCATTTGCCGCCAGCAGTTGGGCGGTTGTGTACATCGACATAAAAAAATCCCGTA
AAAAAAGCCGCACAGGCGGCCTTTAGTGATGAAGGGTAAAGTTAAACGATGCTGATTGCCGTTCCGGCAAACGC
GGTCCGTTTTTTCGTCTCGTCGCTGGCAGCCTCCGGCCAGAGCACATCCTCATAACGGAACGTGCCGGACTTGTA
GAACGTCAGCGTGGTGCTGGTCTGGTCAGCAGCAACCGCAAGAATGCCAACGGCAGCACCGTCGGTGGTGCCAT
CCCACGCAACCAGCTTACGGCTGGAGGTGTCCAGCATCAGCGGGGTCATTGCAGGCGCTTTCGCACTCAATCCGC
CGGGCGCGGTTGCGGTATGAGCCGGGTCACTGTTGCCCTGCGGCTGGTAATGGGTAAAGGTTTCTTTGCTCGTCAT
AAACATCCCTTACACTGGTGTGTTCAGCAAATCGTTAACGGCATCAGATGCCGGGTTACCTGCAGCCAGCGGTGC
CGGTGCCCCCTGCATCAGACGATCCAGCGCAGTGTCACTGCGCGCCTGTGCACTCTGTGGTGCTGCGGCCAGAAT
GCGGCGGGCCGTTTTCACGGTCATACCGGGGGTTTCTGCCAGCACGCGTGCCTGTTCTTCGCGTCCGTGAGCCTCC
TCACAGTTGAGGATCCCCATAATGCGGCTGTTTTCTGCCGCAACCGCTGCGGTGATCTGCGCGTTCACGTCCGGCT
GCGCCGCGCTGGCGTTCTCGCCCTCCGTCGCTGGCACCACGTCAGTAACGTCAGCCTGCGAAGCAGTGGCTGAAA
CAGTTGTTGATTGAGTCTCTTTGGTCATTCGCCCTCCTGAGAGACGGGATTTACGTGCATCCAGTGCATCACGCAT
GACGGTGATCGCATCGGTGCTGTTAACAAGTTCATCAGCCAGTCCGGCATCAATGGCCTCCTGACCGCTGTACAC
TGCAGCCTCGGTATCCAGCACAACCTGCACGGACAGGCCGGTATATGCCGACACCTTCTGCGCAAACATCTGGC
GGGTTGCGTCCATCCGGGACTGCAGTGTCTCCCGGACGTCATCCGGAAGATGGCTGTAGGGGTTGCCATCCACCT
TATGGCTGCCGCTGTAAATCAGCGTGATTTCCACACCCTGTTTCTCCAGCGCAGCACCGTAATTACTGTGAGCCAT
CATGACGCCGATGGAGCCTGTCCGGGCGGTCTGCGTGACCAGACGCCGGGAGGCGGCACTGGCAAGCAACTGA
CCTGCACTGCAGTTCATGTCGTTGGCAAGCGCCCATACCGGTTTTATGTCACGCACACGGGCGATGATGTCAGCG
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CAGTCAAATGCCCCCGCCACCATCCCGCCGGGCGTGTCCATATCGAGCAGAATGCCGTCCACCATCGGATCGCT
GGCAGCCTGTTGCAGACGGGCGATAATGCCGTTGTAACCGGTCATCCCCGAGTACGGCTGCAGCGCCCGCGTCC
GGCTGACCAGCGTGCCGGACACCGGCAGCACGGCGATGCCGTTCATGACCTGATAACTGCGGGCCTGTCGTGGT
CCGTCATCATCACCGGATAATGCCAGCGTCGCGAGTGCCTCCTGGGCAGTCAGGCTGTCGCCGGACACCGCATCC
GTCAGGCTGCTGATCCCAAGCTGGCCTGCAAGCGCACAAAAGAAAACCCGCGCATAGGCGGGTTCAAGCATCA
GCGGCTCATTAAAGGCCATGCTGGCAATATGCGGGAGATTACGCAGCTCTGCTGTCACTCTTCTCCTCCTCTGTTG
ATTGTCGCAGCCCGGATTCAAATGCTGCAGCCGCCCAGGCGGGCGGTTTAAGACCGGCTGCACGGCGCTCCATC
GTTTCACGGACCTGCTGGGCAAAAATTTCCTGATAGTCGTCACCGCGTTTTGCGCACTCTTTCTCGTAGGTACTCA
GTCCGGCTTCTATCAGCATCACCGCTTCCTGAACTTCTTTCAGACCATCGATGGCCATACGACCGGAGCCTATCCA
GTCGCAGTTCCCCCAGGCACTGCGGGCTTCCTGAAAACTGAAGCGCGCTTTTGAAGGTAACGTCACCACGCGGC
GAACGATGGCCTCTTCCAGCCAGCACAGAAACATCTGGCTCGCCTGACGGGATGCGACGAATTTTCGCCGCCCC
ATAAAGTACGCCCACGACTCGTTCGCACTGGCCCGTGCCGTGGAGTAGCTCATCTGGGCGTAATTCCGGGAAAG
CTGCTCATACGAGACACCCAGCCCGGCAGCGATATACCGCAGCAGTGACTGCTCAAACACGGAGTAGCCGTTAT
CCGTATCCTGAGCCGTCTGCAGGTTCAGTGAGTCACCCGGCATCAGGTGCGGTACTTTTGCGCCTCCCAGCCGGA
CCGGCGCTGCGGCGTAATACGCGGCAATTTCACCAATCCAGCCGGTCAGCCTTTCCCGCTGCTCCTGACTGTTCG
CGCCCAGAATAAAATCCATCGCTGACTGCGTATCCAGCTCACTCTCAATGGTGGCGGCATACATCGCCTTCACAA
TGGCGCTCTGCAGCTGCGTGTTCTGCAGCGTGTCGAGCATCTTCATCTGCTCCATCACGCTGTAAAACACATTTGC
ACCGCGAGTCTGCCCGTCCTCCACGGGTTCAAAAACGTGAATGAACGAGGCGCGCCCGCCGGGTAACTCACGGG
GTATCCATGTCCATTTCTGCGGCATCCAGCCAGGATACCCGTCCTCGCTGACGTAATATCCCAGCGCCGCACCGC
TGTCATTAATCTGCACACCGGCACGGCAGTTCCGGCTGTCGCCGGTATTGTTCGGGTTGCTGATGCGCTTCGGGCT
GACCATCCGGAACTGTGTCCGGAAAAGCCGCGACGAACTGGTATCCCAGGTGGCCTGAACGAACAGTTCACCGT
TAAAGGCGTGCATGGCCACACCTTCCCGAATCATCATGGTAAACGTGCGTTTTCGCTCAACGTCAATGCAGCAGC
AGTCATCCTCGGCAAACTCTTTCCATGCCGCTTCAACCTCGCGGGAAAAGGCACGGGCTTCTTCCTCCCCGATGC
CCAGATAGCGCCAGCTTGGGCGATGACTGAGCCGGAAAAAAGACCCGACGATATGATCCTGATGCAGCTGGAT
GGCGTTGGCGGCATAGCCGTTATTGCGTACCAGATCGTCTGCGCGGGCATTGCCACGGGTAAAGTTGGGCAACA
GGGCTGCATCCACACTTTCACTCGGTGGGTTCCACGACCGCAACTGCCCTCCAAATCCGCTGCCACCGCCGTGAT
AACCGGCATATTCGCGCAGCGATGTCATGCCGTCCGGCCCCAGAAGGGTGGGAATGGTGGGCGTTTTCATACAT
AAAATCCTGCAGGTCCCCTGCGTCGCTGTGTCATGCCGGTCTGCACTTCCAGCTCTGCAATATATTTTTTCAGGTC
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AGACACGGAAGTGGCCGTAAACTCCACCCTTCGTCCGTCTTTCTGTACTGTTGCCACCCGTTTACCTGTCATCAGG
TCATGCAGTGCCGCACGGGCAGCGGCAAGTTCTTCCTGTCGCGTCATTCATCCTCTCCGGATAAGGCACGGGCGT
AATCTGCCAGTGTTTTCTTGTTGGTTGCTGCACCATCCTCTTCCTGCAGGCTCGCCAGCAGCGCACTGAGATCCAG
CTGCCAGCGGGAAATACTGATGCGCAGCGCCGCCAGCGCATAAACGAAGCAGTCGAGTGCCTCATTGCGTCGCT
TTTTGCTGTCCCACAGTATTTTTTTCCTGCCATCCACCCATTTTTCGACCTGCTCTTCAGCAGTCAGCTGCTGCGCTT
CGGTCAGATCAAAAATATCCGGGTTATTCGGGAAGTGAACGGCACCGGGAAGCGGTTCATCCCCTTCCGGCGTC
AGTGTGAAGCGGTTATAAATCTGCTCTTTCGCGGTATCCGTACCGATTTCGGTAAGGTAAACCCCGTTTTTGTTTC
GCTTACGTGGCATGCTGGCCACCGGCTTTCCGTAGACGGATGCCCCTTTAATGGGGATCACCCGGAACAGCCCAT
GTTTTTTCGAGCGTTCATACACAATGGTCGGGTCAATCCCGCCAGTATCCCAGCAGATACGGGATATCGACATTT
CTGCACCATTCCGGCGGGTATAGGTTTTATTGATGGCCTCATCCACACGCAGCAGCGTCTGTTCATCGTCGTGGCG
GCCCATAATAATCTGCCGGTCAATCAGCCAGCTTTCCTCACCCGGCCCCCATCCCCATACGCGCATTTCGTAGCG
GTCCAGCTGGGAGTCGATACCGGCGGTCAGGTAAGCCACACGGTCAGGAACGGGCGCTGAATAATGCTCTTTCC
GCTCTGCCATCACTTCAGCATCCGGACGTTCGCCAATTTTCGCCTCCCACGTCTCACCGAGCGTGGTGTTTACGAA
GGTTTTACGTTTTCCCGTATCCCCTTTCGTTTTCATCCAGTCTTTGACAATCTGCACCCAGGTGGTGAACGGGCTGT
ACGCTGTCCAGATGTGAAAGGTCACACTGTCAGGTGGCTCAATCTCTTCACCGGATGACGAAAACCAGAGAATG
CCATCACGGGTCCAGATCCCGGTCTTTTCGCAGATATAACGGGCATCAGTAAAGTCCAGCTCCTGCTGGCGGATG
ACGCAGGCATTATGCTCGCAGAGATAAAACACGCTGGAGGGGTCATCCGGCGTCCATTTGAGGCCAAACGGCGT
CTCTTTGTCGCCAAATTTAAGATACTGCTCCTCCCCGCAATGCGGGCAGGCAACATGAAAACGCATAAAATGCG
GGGATTCACTGGCTGCACGCTCAATCTGACAGGTGCCTCTCACTTTTGGCGTGGAGCCACGGATGGACTTTGGCC
AGACCGAGCCTTCAATACGCTTGTCACCCAGGAACGTCGGAGAGCCTTCCTGTTCAATATCATCATCAAAAGCAG
CAAGTTCATCATAACCCGCCACATCCACCGACTTTTCACGGTAGTTTTTTGCCGCTTTACCGCCCAGGCACCAGAA
GCCACGCCCATTAGTGAAACGCTTCATGGTGAGCGTGTTATCCCGGTGCTTTTTGCCATACCACGGGGCCAGCGC
CAGCAGCGACGGAATATCACGAATAGTCGGCTCAACGTGGGTTTTCATAAAGTTCTCGGCATCACCATCCGTCGG
CAACCAGATAAGGGTGTTGCGCTGCTTATGCTCTATAAAGTAGGCATAAACACCCAGCAGCATTTTGGAATAACC
GACACGGGCAGACTTCACCACATTCACCTCACGGATGTAGTCGCTGCCCATCGCATTCATGATGGCCCGCTGAAA
GGGCAGTGTTTCCCAGCGCCCTTCCTGGTATGCGGATTCTTTCGGGAGATAGTAATTAGCATCCGCCCATTCAACG
GCGGTCTGTGGCTCCGGCCTGAACAGTGAGCGAAGCCCGGCGCGGACAAAATGCCGCAGCCTGTTAACCTGACT
GTTCGATATATTCACTCAGCAACCCCGGTATCAGTTCATCCAGCGCGGCTGCTTTGTTCATGGCTTTGATGATATC
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CCGTTTCAGGAAATCAACATGTCGGTTTTCCAGTTCCGGAAAACGCCGCTGCACCGACAGGGGGAGCCCGTCGA
GAATACTGGCAATTTCACCTGCGATCCGCGACAGCACGAAAGTACAGAATGCGGTTTCCACCACTTCAGCGGAG
TCTCTGGCATTCTTCAGTTCCTGTGCGTCGGCCTGCGCACGCGTAAGTCGATGGCGTTCGTACTCAATAGTTCCTG
GCTGGAGATCTGCCTCGCTGGCCTGCCGCAGTTCTTCAACCTCCCGGCGCAGCTTTTCGTTCTCAATTTCAGCATC
CCTTTCGGCATACCATTTTATGACGGCGGCAGAGTCATAAAGCACCTCATTACCCTTGCCACCGCCTCGCAGAAC
GGGCATTCCCTGTTCCTGCCAGTTCTGAATGGTACGGATACTCGCACCGAAAATGTCAGCCAGCTGCTTTTTGTTG
ACTTCCATTGTTCATTCCACGGACAAAAACAGAGAAAGGAAACGACAGAGGCCAAAAAGCCTCGCTTTCAGCAC
CTGTCGTTTCCTTTCTTTTCAGAGGGTATTTTAAATAAAAACATTAAGTTATGACGAAGAAGAACGGAAACGCCTT
AAACCGGAAAATTTTCATAAATAGCGAAAACCCGCGAGGTCGCCGCCCCGTAACCTGTCGGATCACCGGAAAG
GACCCGTAAAGTGATAATGATTATCATCTACATATCACAACGTGCGTGGAGGCCATCAAACCACGTCAAATAAT
CAATTATGACGCAGGTATCGTATTAATTGATCTGCATCAACTTAACGTAAAAACAACTTCAGACAATACAAATCA
GCGACACTGAATACGGGGCAACCTCATGTCAACGAAGAACAGAACCCGCAGAACAACAACCCGCAACATCCGC
TTTCCTAACCAAATGATTGAACAAATTAACATCGCTCTTGAGCAAAAAGGGTCCGGGAATTTCTCAGCCTGGGTC
ATTGAAGCCTGCCGTCGGAGACTAACGTCAGAAAAGAGAGCATATACATCAATTAAAAGTGATGAAGAATGAA
CATCCCGCGTTCTTCCCTCCGAACAGGACGATATTGTAAATTCACTTAATTACGAGGGCATTGCAGTAATTGAGTT
GCAGTTTTACCACTTTCCTGACAGTGACAGACTGCGTGTTGGCTCTGTCACAGACTAAATAGTTTGAATGATTAGC
AGTTATGGTGATCAGTCAACCACCAGGGAATAATCCTTCATATTATTATCGTGCTTCACCAACGCTGCCTCAATTG
CTCTGAATGCTTCCAGAGACACCTTATGTTCTATACATGCAATTACAACATCAGGGTAACTCATAGAAATGGTGC
TATTAAGCATATTTTTTACACGAATCAGATCCACGGAGGGATCATCAGCAGATTGTTCTTTATTCATTTTGTCGCTC
CATGCGCTTGCTCTTCATCTAGCGGTTAAAATATTACTTCAAATCTTTCTGTATGAAGATTTGAGCACGTTGGCCTT
ACATACATCTGTCGGTTGTATTTCCCTCCAGAATGCCAGCAGGACCGCACTTTGTTACGCAACCAATACTATTAA
GTGAAAACATTCCTAATATTTGACATAAATCATCAACAAAACACAAGGAGGTCAGACCAGATTGAAACGATAA
AAACGATAATGCAAACTACGCGCCCTCGTATCACATGGAAGGTTTTACCAATGGCTCAGGTTGCCATTTTTAAAG
AAATATTCGATCAAGTGCGAAAAGATTTAGACTGTGAATTGTTTTATTCTGAACTAAAACGTCACAACGTCTCAC
ATTATATTTACTATCTAGCCACAGATAATATTCACATCGTGTTAGAAAACGATAACACCGTGTTAATAAAAGGAC
TTAAAAAGGTTGTAAATGTTAAATTCTCAAGAAACACGCATCTTATAGAAACGTCCTATGATAGGTTGAAATCAA
GAGAAATCACATTTCAGCAATACAGGGAAAATCTTGCTAAAGCAGGAGTTTTCCGATGGGTTACAAATATCCAT
GAACATAAAAGATATTACTATACCTTTGATAATTCATTACTATTTACTGAGAGCATTCAGAACACTACACAAATC
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TTTCCACGCTAAATCATAACGTCCGGTTTCTTCCGTGTCAGCACCGGGGCGTTGGCATAATGCAATACGTGTACGC
GCTAAACCCTGTGTGCATCGTTTTAATTATTCCCGGACACTCCCGCAGAGAAGTTCCCCGTCAGGGCTGTGGACA
TAGTTAATCCGGGAATACAATGACGATTCATCGCACCTGACATACATTAATAAATATTAACAATATGAAATTTCA
ACTCATTGTTTAGGGTTTGTTTAATTTTCTACACATACGATTCTGCGAACTTCAAAAAGCATCGGGAATAACACCA
TGAAAAAAATGCTACTCGCTACTGCGCTGGCCCTGCTTATTACAGGATGTGCTCAACAGACGTTTACTGTTCAAA
ACAAACCGGCAGCAGTAGCACCAAAGGAAACCATCACCCATCATTTCTTCGTTTCTGGAATTGGGCAGAAGAAA
ACTGTCGATGCAGCCAAAATTTGTGGCGGCGCAGAAAATGTTGTTAAAACAGAAACCCAGCAAACATTCGTAAA
TGGATTGCTCGGTTTTATTACTTTAGGCATTTATACTCCGCTGGAAGCGCGTGTGTATTGCTCACAATAATTGCATG
AGTTGCCCATCGATATGGGCAACTCTATCTGCACTGCTCATTAATATACTTCTGGGTTCCTTCCAGTTGTTTTTGCA
TAGTGATCAGCCTCTCTCTGAGGGTGAAATAATCCCGTTCAGCGGTGTCTGCCAGTCGGGGGGAGGCTGCATTAT
CCACGCCGGAGGCGGTGGTGGCTTCACGCACTGACTGACAGACTGCTTTGATGTGCAACCGACGACGACCAGCG
GCAACATCATCACGCAGAGCATCATTTTCAGCTTTAGCATCAGCTAACTCCTTCGTGTATTTTGCATCGAGCGCAG
CAACATCACGCTGACGCATCTGCATGTCAGTAATTGCCGCGTTCGCCAGCTTCAGTTCTCTGGCATTTTTGTCGCG
CTGGGCTTTGTAGGTAATGGCGTTATCACGGTAATGATTAACAGCCCATGACAGGCAGACGATGATGCAGATAA
CCAGAGCGGAGATAATCGCGGTGACTCTGCTCATACATCAATCTCTCTGACCGTTCCGCCCGCTTCTTTGAATTTT
GCAATCAGGCTGTCAGCCTTATGCTCGAACTGACCATAACCAGCGCCCGGCAGTGAAGCCCAGATATTGCTGCA
ACGGTCGATTGCCTGACGGATATCACCACGATCAATCATAGGTAAAGCGCCACGCTCCTTAATCTGCTGCAATGC
CACAGCGTCCTGACTTTTCGGAGAGAAGTCTTTCAGGCCAAGCTGCTTGCGGTAGGCATCCCACCAACGGGAAA
GAAGCTGGTAGCGTCCGGCGCCTGTTGATTTGAGTTTTGGGTTTAGCGTGACAAGTTTGCGAGGGTGATCGGAGT
AATCAGTAAATAGCTCTCCGCCTACAATGACGTCATAACCATGATTTCTGGTTTTCTGACGTCCGTTATCAGTTCC
CTCCGACCACGCCAGCATATCGAGGAACGCCTTACGTTGATTATTGATTTCTACCATCTTCTACTCCGGCTTTTTTA
GCAGCGAAGCGTTTGATAAGCGAACCAATCGAGTCAGTACCGATGTAGCCGATAAACACGCTCGTTATATAAGC
GAGATTGCTACTTAGTCCGGCGAAGTCGAGAAGGTCACGAATGAACCAGGCGATAATGGCGCACATCGTTGCGT
CGATTACTGTTTTTGTAAACGCACCGCCATTATATCTGCCGCGAAGGTACGCCATTGCAAACGCAAGGATTGCCC
CGATGCCTTGTTCCTTTGCCGCGAGAATGGCGGCCAACAGGTCATGTTTTTCTGGCATCTTCATGTCTTACCCCCA
ATAAGGGGATTTGCTCTATTTAATTAGGAATAAGGTCGATTACTGATAGAACAAATCCAGGCTACTGTGTTTAGT
AATCAGATTTGTTCGTGACCGATATGCACGGGCAAAACGGCAGGAGGTTGTTAGCGCGACCTCCTGCCACCCGCT
TTCACGAAGGTCATGTGTAAAAGGCCGCAGCGTAACTATTACTAATGAATTCAGGACAGACAGTGGCTACGGCT
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CAGTTTGGGTTGTGCTGTTGCTGGGCGGCGATGACGCCTGTACGCATTTGGTGATCCGGTTCTGCTTCCGGTATTC
GCTTAATTCAGCACAACGGAAAGAGCACTGGCTAACCAGGCTCGCCGACTCTTCACGATTATCGACTCAATGCTC
TTACCTGTTGTGCAGATATAAAAAATCCCGAAACCGTTATGCAGGCTCTAACTATTACCTGCGAACTGTTTCGGG
ATTGCATTTTGCAGACCTCTCTGCCTGCGATGGTTGGAGTTCCAGACGATACGTCGAAGTGACCAACTAGGCGGA
ATCGGTAGTAAGCGCCGCCTCTTTTCATCTCACTACCACAACGAGCGAATTAACCCATCGTTGAGTCAAATTTAC
CCAATTTTATTCAATAAGTCAATATCATGCCGTTAATATGTTGCCATCCGTGGCAATCATGCTGCTAACGTGTGAC
CGCATTCAAAATGTTGTCTGCGATTGACTCTTCTTTGTGGCATTGCACCACCAGAGCGTCATACAGCGGCTTAACA
GTGCGTGACCAGGTGGGTTGGGTAAGGTTTGGGATTAGCATCGTCACAGCGCGATATGCTGCGCTTGCTGGCATC
CTTGAATAGCCGACGCCTTTGCATCTTCCGCACTCTTTCTCGACAACTCTCCCCCACAGCTCTGTTTTGGCAATATC
AACCGCACGGCCTGTACCATGGCAATCTCTGCATCTTGCCCCCGGCGTCGCGGCACTACGGCAATAATCCGCATA
AGCGAATGTTGCGAGCACTTGCAGTACCTTTGCCTTAGTATTTCCTTCAAGCTTTGCCACACCACGGTATTTCCCC
GATACCTTGTGTGCAAATTGCATCAGATAGTTGATAGCCTTTTGTTTGTCGTTCTGGCTGAGTTCGTGCTTACCGCA
GAATGCAGCCATACCGAATCCGGCTTGTGATTGCGCCATCCCCATAGCAGCCATCACATCAGTACCGGAAAGAG
AGTCAGAAGCCGTGGCCCGTGGTGAGTCGCTCATCATCGGGCTTTTTGGCGAATGAAATTTAGCTACGCTTTCGA
GTCTCATGCGCCTTCTCCCTGTACCTGAATCAATGTTAGGTTTCCGCAGAACACTGCGCCGGTATCGATATACATT
TGGTTGGCAAACTTGAGTGGTTTCACTGCTGGCGTATGACCAAAGATGAACGTGTCCGCGCCTTTGATTTCTTTCA
CGATCCCGTTTTGTGAGTTGCTGATTCGTTCGCGGTTCCAGATTACCTGCTGATGATCAACTGGCTTTCCAAACTCG
TATTCGTCAAAGGGATAATCGGCGTGGCAGATAACATATTTTTTATCTTTGCTCACCAGTTCGATGATTAACGGAA
GTTCATCTGCTTTATGGGCAAGAGCTTTAGCCAGAATTTCTTTGTCGTAATCGAGATTAAAGAACCAGCCACCGC
CATTAAGCAGCCAGTGATTAACGTTTCCACGCTCTGATAAGCCATCAATCATCATTTGCTCATGGTTTCCACGTAC
AGCTCTGAACCAGGGGAATGTGATTAATTCCAGGCATTCAACGTTCTCTGCACCACGATCAACCAAATCGCCCAC
CGAGATAAGCAGGTCTTTTTTGTTGTCGAATCCAATCGTATCCAGTTTGTTCATCAGGTTCGTGTAGCATCCGTGC
AGATCGCCAACTACCCAAATATTTCGGTATTTGCTGCCATCAATTTTTTCGTAATAGCGCATCTCTTTCACTCCATC
CGCGATGAACCATGAGAACGTCGTTGACGATGGCGTGCATTTTCCCGTCTTTATCATCAACGTATTTTCTGACCGT
ACCGCGACTACATTTCAGTCTGCGTGCTACTTCTGTCTGATTTCCGTATGCTTCAACGAGCATGTCTGGAATGGTTT
TTACTGAGAACGTCATGCGGCCTCACTTCTGCTATTTCGCAGGTCTTTGAGTTTCTGTTGGTACTCTGCCTTGATCG
CCTTGCACTCTTCGATAGTCCAGCGATGGCGGTTATGGTTTGATTCGATTTCGTCTACTGCTTCCTGCCCGATGCGG
CTAATCAGTTCGACGCGATACGGAACGAGATTTCCGCTTTTGTGCTGGTTGCACACCACGCATTGCTTGTGAATAT
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TGCGTTCATTAAATCGGAGTTGAGGTGCCGCAGCAGTTGTCCGGTAATGTCCGGCATCCCACTGAGCAGACGTGA
GCGTTCCGCACGAGATACATGGTAAGTCGCGGTCTCTTTCTCTGATGAAGGCGTTTACGGCTTGTTGGGCTTGTTT
AATCCAGTAACTGCGGGGCTTTAAGGCGAGTTTTCGAATCTTAAGTTTATCTTTCTGTTTCTGCTCCTCTCGTCGTC
GTTTCTTCTCTGCTGCTTTTTCCGCTTTTTCGCGTTCTTTACTTCGTCGTTCGAGTGCTATCTTGGTTCCACACTCTGG
AGAGCACCACCACTGATTAGCGAATGCAGGGTGAAACCATTCCCGGCATTCATCGTTTTTACATCGTCTTCGCGC
TGGTTTAGCCATCATCTTCTTCCTCGTGCATCGAGCTATTCGGATCGCTCATCAGTTCTGCGCAGCAGTGCTCACA
CACGTGAACTTCCAGCACATGCAGCTTCTGACCGCAGTTAGCGCACGTTAAAGCTCGCTCGACGCTTTCTTGTTCG
TAACTTCGATTTTGGTCAATCACCTTGTTTTCCTCGCACGACGTCTTAGCCACCGGATATCCCACAGGTGAGCCGT
GTAGTTGAAGGTTTTTACGTCAGATTCTTTTGGGATTGGCTTGGGTTTATTTCTGGTGCGTTTCGTTGGAAGGTATTT
GCAGTTTTCGCAGATTATGTCGGTGATACTTCGTCGCTGTCTCGCCACACGTCCTCCTTTTCCTGCGGTAGTGGTAA
CACCCCTGTTGGTGTTCTTTCACACCGGAGACACCATCGATTCCAGTAAGGTTGATTTGGTCGGAAGCGGTTATCT
TCTTTGCATTCACCGCACCGATAACATCGCATCATGCAGCTTCCCTCCCGAAGTCGAAATCAAGCTGCCCTCCAA
ATATTTCGCATGACTCAGAACAAGAGCCGGTATCGAATCTTTTAGCTCGTACCATGTCCTGATACAGGGCTTGAT
AATCATTTTCTGAATACATTTTCGCGATACCGTCCAGCGACATTCTTCCTCGGTACATAATCTCCTTTGGCGTTTCC
CGATGTCCGTCACGCACATGGGATCCCGTGATGACCTCATTAAAAACACGCTGCAATCCCTCCTCATCTTTGCAG
GCAAGTCCGATTTTTTGCGTTGATTTTTTAATGCAGAATATGCAGTTACCGAGATGTTCCGGTATTTGCAAATCGA
ATGGTTGTTGCTTCCACCATGCGAGGATATCTTCCTTCTCAAAGTCTGACAGTTCAGCAAGATATCTGATTCCAGG
CTTTGGCTTTAGCCGCTTCGGTTCATCAGCTCTGATGCCAATCCACGTGGTGTAATTCCCTCGCCCGAAATGGTCA
TCACAGTATTTGGTGAAGGGAACGAGTTTTAATCTGTCAGTGCAGAACGCGCCGCCGACGTATGGAGTGCCATAT
TTCTTTACCATATCGATAAATGGCTTCAGAACAGGCATTCGCGTCTGAATATCCTTTGGTTCCCATACCGTATAAC
CATTTGGCTGTCCAAGCTCCGGGTTGATATCAACCTGCAATACGGTGAGCGGTATATCCCAGAACTTCACAACTT
CCCTGACAAACCGATATGTCATTGGATGTTCACAACCTGTATCCATGAAAACGTAATGCACGTCTTTACCTGCCC
GTCGCTTTTGCTCCATTAGCCAGAGCAAATATGCTGACGTCCTGCCACCGGAGAAACTAACGACATTTATCATGC
AGCCCTGTCTCCCCATCTCGCTTTCCACTCCAGAGCCAGTCTCGCTTCGTCTGACCACTTAACGCCACGCTCTGTA
CCGAATGCCTGTATAAGCTCTAATAGCTCCGCAAATTCGCCTACACGCATCCTGCTGGTTGACTGGCCTATTACCA
CAAAGCCATTCCCGGCAAGGTTAGGAACAACATCCTGCTGCTTTAATGCTGCGGTAAACACACACTTCCAGCTTT
CTGCATCCAGCCAGCGACCATGCCATTCAACCTGACGAGAGACGTCACCTAAGCAGGCCCATAGCTTCCTGTTTT
GGTCTAAGCTGCGGTTGCGTTCCTGAATGGTTACTACGATTGGTTTGGTTGGGTCTGGAAGGATTTGCTGTACTGC
  203  
GTGAATAGCGTTTTGCTGATGTGCTGGAGATCGAATTTCAAAGGTTAGTTTTTTCATGACTTCCCTCTCCCCCAAAT
AAAAAGGCCTGCGATTACCAGCAGGCCTGTTATTAGCTCAGTAATGTAGATGGTCATCTTTTAACTCCATATACC
GCCAATACCCGTTTCATCGCGGCACTCTGGCGACACTCCTTAAAAACCAGGTTCGTGCTCATCTTTCCTTCCCGTT
CTTCCCTGGTAGCAAACCGGTAATACACCGTTCGCCAGACCTTACCTTCGATAACCAGAAGACCTGCCCGTGCCA
TTTTAGCCGCGGCCTGATTTATGCTGGTTACTGTTGCGCCTGTTAGCGCGGCAACGTCCGGCGCACAGAAGCTATT
ATGCGTCCCCAGGTAATGAATAATTGCCTCTTTGCCCGTCATACACTTGCTCCTTTCAGTCCGAACTTAGCTTTGAT
TTCTGCGATCTTCGCCAGAGCCTGTGCACGATTTAGAGGTCTACCGCCCATGACAGGAAGTTGTTTTACTGGTTCA
GGGATCGCCTCACCACGGTTAATTCTCGCAGTCATATGGACAAGCTCATCTGCGGCCTTACGGCGTAATTCCGCA
TCAGTAAGCGCATTGGCCCGCATGTTCTGATACAGGTTGGTAACCAGCCAGTAGTGCGCGTTTGATTTCCACGGA
TAAGACTCCGCATCCGGATACAGGCCTCGCTTCCGGCAATACTCGTAAACCATATCAACCAGCTCGCTGACGTTT
GGCAGTCCGGCGGTAACGGATGCTTCTTCCCGGCACCATGCAACAAACTGCCCGGGTGATGGCAGAAATGGTCG
ATTCTGCCGACGGGCTACGCGCATTCCTGCGTTAACCTGTTCCATCGTGGTGATCCCGTTTTCCCGAAAAGCCAGA
ACCCACTGGCGACGGATTTCGTTCACTTCGTTCTGGTCACGGTTAGCCAGGCTCGCCGGGAAAGTTGCCAGTAAC
TGGCTGAACACACCGTTGATGATCTGCGCTACCTGCTGTACCTGCGGCTTTTCGTCGTACTGTTCCGGCATGTTGTT
GGCGATCCGACGCATCTGCTCACGGTCAAAGTTAACCATCTGTGCGGCGATGTTTTTCATAGATCCACCCCGTAA
ATCCAGTCTGTGTTTGTCAGGTCGAGTTTTGGTTTGCTGGCTGTCACGCCTGCCTGTTGCTTGTTACGGTTGATTTCG
AGTTGGGTCCACTTATCGCGGAGTTTGGCCGGGCTCAGCACGTTACCGGACCAGAAGTTGTCCTGGCATGCCCAG
CGGAACAGCACACACATGTCGCGGTGGTTACGTCCGTCACGTTCACGCATCAGGCGGATATCGTTAGCCCACCC
AGCAAAATTCGGTTTTCTGGCTGATGGTGCGATAGTCTTCACCATGTCAAACATCCACTCTGCGGCGGTCAGGTCT
TCTGCTGTCCCCCACTTGCTGCCGCTCTGAATTGCAGCATCCGGTTTCACCACAGAAAGGTCGTTTTCTGGCTGGT
CAGAGGATTCGCCAGAATTCTCTGACGAATAATCTTTTCTTTTTTCTTTTGTAATAGTGTCTTTTGTGTCCCCCTGTT
TTGAGGGATAGCAATCCCCCAATTTGAGGGATGTTTTATCCCTCGTTTTAGGGGATTTTCCCTCGTTTTGAGGGAT
GCACCATTCTGAGATGTTTTTATTTGGTCCAAACATGCCGCCTTGCTGCTTGATAATATTCATTCTGACGAGTTCTA
ACTTGGCTTCATTGCACCGTTTGACAGGTAACTTTGTAATCTCGCTAAGTTGAGAATCGGTGATTCTGTCCATTGGT
TTATTCCACCCATAGGTTTTACGCAGAATGGCAAGCAGCACTTTAAACTGTCGCTTGGTCAGATCTGCGCCCGAA
TAAGCCTCAAGCAGCATATTTGATAGTCTGGCGTAACCATCATCGAGATCTGCCACATTACGCTCCTGTCCGGCA
AAGTTACCTCTGCCGAAGTTGAGTATTTTTGCTGTATTTGTCATAATGACTCCTGTTGATAGATCCAGTAATGACCT
CAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCGCAGCAACTT
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GTCGCGCCAATCGAGCCATGTCGTCGTCAACGACCCCCCATTCAAGAACAGCAAGCAGCATTGAGAACTTTGGA
ATCCAGTCCCTCTTCCACCTGCTGATCTGCGACTTATCAACGCCCACAGCTTCCGCTGTCTTCTCAGTTCCAAGCA
TTGCGATTTTGTTAAGCAACGCACTCTCGATTCGTAGAGCCTCGTTGCGTTTGTTTGCACGAACCATATGTAAGTA
TTTCCTTAGATAACAATTGATTGAATGTATGCAAATAAATGCATACACCATAGGTGTGGTTTAATTTGATGCCCTT
TTTCAGGGCTGGAATGTGTAAGAGCGGGGTTATTTATGCTGTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCTCTT
CCGCATAAACGCTTCCATCAGCGTTTATAGTTAAAAAAATCTTTCGGCCTGCATGAATGGCCTTGTTGATCGCGCT
TTGATATACGCCGAGATCTTTAGCTGTCTTGGTTTGCCCAAAGCGCATTGCATAATCTTTCAGGGTTATGCGTTGTT
CCATACAACCTCCTTAGTACATGCAACCATTATCACCGCCAGAGGTAAAATAGTCAACACGCACGGTGTTAGAT
ATTTATCCCTTGCGGTGATAGATTTAACGTATGAGCACAAAAAAGAAACCATTAACACAAGAGCAGCTTGAGGA
CGCACGTCGCCTTAAAGCAATTTATGAAAAAAAGAAAAATGAACTTGGCTTATCCCAGGAATCTGTCGCAGACA
AGATGGGGATGGGGCAGTCAGGCGTTGGTGCTTTATTTAATGGCATCAATGCATTAAATGCTTATAACGCCGCAT
TGCTTGCAAAAATTCTCAAAGTTAGCGTTGAAGAATTTAGCCCTTCAATCGCCAGAGAAATCTACGAGATGTATG
AAGCGGTTAGTATGCAGCCGTCACTTAGAAGTGAGTATGAGTACCCTGTTTTTTCTCATGTTCAGGCAGGGATGTT
CTCACCTGAGCTTAGAACCTTTACCAAAGGTGATGCGGAGAGATGGGTAAGCACAACCAAAAAAGCCAGTGATT
CTGCATTCTGGCTTGAGGTTGAAGGTAATTCCATGACCGCACCAACAGGCTCCAAGCCAAGCTTTCCTGACGGAA
TGTTAATTCTCGTTGACCCTGAGCAGGCTGTTGAGCCAGGTGATTTCTGCATAGCCAGACTTGGGGGTGATGAGTT
TACCTTCAAGAAACTGATCAGGGATAGCGGTCAGGTGTTTTTACAACCACTAAACCCACAGTACCCAATGATCCC
ATGCAATGAGAGTTGTTCCGTTGTGGGGAAAGTTATCGCTAGTCAGTGGCCTGAAGAGACGTTTGGCTGATCGGC
AAGGTGTTCTGGTCGGCGCATAGCTGATAACAATTGAGCAAGAATCTTCATCGAATTAGGGGAATTTTCACTCCC
CTCAGAACATAACATAGTAAATGGATTGAATTATGAAGAATGGTTTTTATGCGACTTACCGCAGCAAAAATAAA
GGGAAAGATAAGCGCTCAATAAACCTGTCTGTTTTCCTTAATTCTCTGCTGGCTGATAATCATCACCTGCAGGTTG
GCTCCAATTATTTGTATATTCATAAAATCGATGGAAAAACTTTTCTCTTTACCAAAACAAATGACAAGAGTCTGGT
TCAGAAGATAAATCGCTCTAAAGCTTCAGTTGAAGATATTAAGAACAGCCTCGCAGATGACGAATCATTGGGAT
TCCCATCTTTTTTGTTTGTTGAAGGCGACACCATTGGTTTTGCCAGAACTGTTTTCGGGCCGACCACATCCGATCTG
ACAGATTTTTTAATCGGGAAAGGAATGTCATTAAGCAGTGGAGAGCGCGTTCAGATAGAGCCACTGATGAGGGG
AACCACCAAAGACGATGTTATGCATATGCATTTCATCGGCCGAACAACGGTGAAGGTAGAAGCCAAGCTACCTG
TATTTGGCGATATATTAAAGGTCTTAGGGGCAACAGATATTGAAGGGGAGCTTTTTGACTCATTGGATATAGTCAT
TAAGCCAAAATTTAAAAGGGATATAAAAAAGGTTGCCAAGGATATTATTTTTAACCCGTCACCTCAATTTTCAGA
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CATTAGCCTGCGGGCAAAAGATGAGGCCGGAGATATTTTAACAGAACATTATCTATCAGAAAAAGGCCATCTCT
CAGCGCCTCTGAACAAGGTCACCAATGCTGAGATAGCTGAAGAGATGGCATATTGCTACGCAAGAATGAAAAGT
GATATACTGGAATGTTTTAAAAGGCAGGTGGGCAAAGTTAAGGATTAATTATCAGGAGTAATTATGCGGAACAG
AATCATGCCTGGTGTTTACATAGTAATAATTCCTTACGTTATCGTAAGCATTTGCTATCTCCTTTTCCGCCACTACA
TTCCTGGTGTTTCTTTTTCAGCTCATAGAGATGGTCTTGGGGCGACATTGTCATCATATGCAGGAACCATGATTGC
AATCCTGATTGCTGCCTTGACGTTTCTAATCGGAAGCAGAACGCGCCGACTGGCCAAGATTAGAGAGTATGGGTA
TATGACATCGGTAGTTATTGTCTATGCCCTTAGTTTTGTTGAGCTTGGAGCTTTGTTTTTCTGCGGGTTATTGCTTCT
TTCCAGCATAAGCGGCTACATGATACCCACTATCGCCATCGGCATTGCCTCTGCATCGTTCATTCATATATGCATC
CTTGTTTTCCAACTATATAATTTGACCAGAGAACAAGAATAACCCGGCCTCAGCGCCGGGTTTTCTTTGCCTCACG
ATCGCCCCCAAAACACATAACCAATTGTATTTATTGAAAAATAAATAGATACAACTCACTAAACATAGCAATTC
AGATCTCTCACCTACCAAACAATGCCCCCCTGCAAAAAATAAATTCATATAAAAAACATACAGATAACCATCTG
CGGTGATAAATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACATCAGCAGGACGCA
CTGACCACCATGAAGGTGACGCTCTTAAAAATTAAGCCCTGAAGAAGGGCAGCATTCAAAGCAGAAGGCTTTGG
GGTGTGTGATACGAAACGAAGCATTGGCCGTAAGTGCGATTCCGGATTAGCTGCCAATGTGCCAATCGCGGGGG
GTTTTCGTTCAGGACTACAACTGCCACACACCACCAAAGCTAACTGACAGGAGAATCCAGATGGATGCACAAAC
ACGCCGCCGCGAACGTCGCGCAGAGAAACAGGCTCAATGGAAAGCAGCAAATCCCCTGTTGGTTGGGGTAAGC
GCAAAACCAGTTAACCGCCCTATTCTCTCGCTGAATCGCAAACCGAAATCACGAGTAGAAAGCGCACTAAATCC
GATAGACCTTACAGTGCTGGCTGAATACCACAAACAGATTGAAAGCAACCTGCAACGTATTGAGCGCAAGAATC
AGCGCACATGGTACAGCAAGCCTGGCGAACGCGGCATAACATGCAGTGGACGCCAGAAAATTAAGGGAAAATC
GATTCCTCTTATCTAGTTACTTAGATATTGGCCTTGGCTTTATCTCAATATTATATGGATCATAGCTGGCAACTAAT
TCAGTCCAGTAAATATCCTCAATAGGGAATAATATATGCTTTCCATTCCATCGGGAAAAAGTTTTGTTCAACACA
CCAAGCTCAATCAACTCACTAATGTATGGGAATTGTTTTGATGTAACCACATACTTCCTGCCTTCATTAAGGGCTG
CGCACAAAACCATAGATTGCTCTTCTGTAAGGTTTTGAATTACTGATCGCACTTTATCGTTTTGCATCTTAATGCGT
TTTCTTAGCTTAAATCGCTTATATCTGGCGCTGGCAATAGCTGATAATCGATGCACATTAATTGCTAGCGAAAATG
CAAGAGCAAAGACGAAAACATGCCACACATGAGGAATACCGATTCTCTCATTAACATATTCAGGCCAGTTATCT
GGGCTTAAAAGCAGAAGTCCAACCCAGATAACGATCATATACATGGTTCTCTCCAGAGGTTCATTACTGAACACT
CGTCCGAGAATAACGAGTGGATCCATTTCTATACTCATCAAACTGTAGGGGTTGTAATAGTTTATCCGATTTCTCG
CTGTAGGGGTACACGAGAACCACCGAGCCTGATGTGGTTAAAAGACAGGCACAATCTTTACTACCGCAATCCAC
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TATTTAAGGTGATATATGGAAGAAGAATTTGAAGAGTTCGAAGAGCATCCTCAGGATGTGATGGAACAATACCA
GGACTATCCGTATGACTACGACTATTGATAAAAATCAATGGTGTGGACAATTCAAGCGATGCAATGGATGCAAG
CTGCAATCGGAATGCATGGTTAAGCCTGAAGAAATGTTTCCTGTAATGGAAGATGGGAAATATGTCGATAAATG
GGCAATACGAACGACGGCAATGATTGCCAGAGAACTTGGTAAACAGAACAACAAAGCTGCCTGATAGTGGCCT
TTATTTTTGGCATAAATAACAGAATAAACACTGCACTGTGTATTCATTCCAACGAGTGAATACACGGAGCAATGT
CGCTCGTAACTAAACAGGAGCCGACTTGTTCTGATTATTGGAAATCTTCTTTGCCCTCCAGTGTGAGGGCGATTTT
TTATCTGTGAGGATATGAACAGATGTCAAACATCAAAAAATACATCATTGATTACGACTGGAAAGCATCAATAG
AAATTGAAATCGACCATGACGTAATGACAGAGGAAAAACTTCACCAGATTAATAATTTCTGGTCAGACTCTGAA
TACCGACTCAATAAACACGGCTCTGTATTAAATGCTGTATTAATCATGCTGGCGCAACATGCTCTGCTTATAGCA
ATTTCAAGCGACTTAAATGCATATGGTGTTGTGTGTGAGTTCGACTGGAATGATGGAAATGGTCAGGAAGGATGG
CCTCCAATGGATGGTAGCGAAGGAATAAGAATTACCGATATCGATACATCAGGAATATTTGATTCAGATGATAT
GACTATCAAGGCCGCCTGAGTGCGGTTTTACCGCATACCAATAACGCTTCACTCGAGGCGTTTTTCGTTATGTATA
AATAAGGAGCACACCATGCAATATGCCATTGCAGGGTGGCCTGTTGCTGGCTGCCCTTCCGAATCTTTACTTGAA
CGAATCACCCGTAAATTACGTGACGGATGGAAACGCCTTATCGACATACTTAATCAGCCAGGAGTCCCAAAGAA
TGGATCAAACACTTATGGCTATCCAGACTAAATTCACTATCGCCACTTTTATTGGCGATGAAAAGATGTTTCGTGA
AGCCGTCGACGCTTATAAAAAATGGATATTAATACTGAAACTGAGATCAAGCAAAAGCATTCACTAACCCCCTT
TCCTGTTTTCCTAATCAGCCCGGCATTTCGCGGGCGATATTTTCACAGCTATTTCAGGAGTTCAGCCATGAACGCT
TATTACATTCAGGATCGTCTTGAGGCTCAGAGCTGGGCGCGTCACTACCAGCAGCTCGCCCGTGAAGAGAAAGA
GGCAGAACTGGCAGACGACATGGAAAAAGGCCTGCCCCAGCACCTGTTTGAATCGCTATGCATCGATCATTTGC
AACGCCACGGGGCCAGCAAAAAATCCATTACCCGTGCGTTTGATGACGATGTTGAGTTTCAGGAGCGCATGGCA
GAACACATCCGGTACATGGTTGAAACCATTGCTCACCACCAGGTTGATATTGATTCAGAGGTATAAAACGAATG
AGTACTGCACTCGCAACGCTGGCTGGGAAGCTGGCTGAACGTGTCGGCATGGATTCTGTCGACCCACAGGAACT
GATCACCACTCTTCGCCAGACGGCATTTAAAGGTGATGCCAGCGATGCGCAGTTCATCGCATTACTGATCGTTGC
CAACCAGTACGGCCTTAATCCGTGGACGAAAGAAATTTACGCCTTTCCTGATAAGCAGAATGGCATCGTTCCGGT
GGTGGGCGTTGATGGCTGGTCCCGCATCATCAATGAAAACCAGCAGTTTGATGGCATGGACTTTGAGCAGGACA
ATGAATCCTGTACATGCCGGATTTACCGCAAGGACCGTAATCATCCGATCTGCGTTACCGAATGGATGGATGAAT
GCCGCCGCGAACCATTCAAAACTCGCGAAGGCAGAGAAATCACGGGGCCGTGGCAGTCGCATCCCAAACGGAT
GTTACGTCATAAAGCCATGATTCAGTGTGCCCGTCTGGCCTTCGGATTTGCTGGTATCTATGACAAGGATGAAGC
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CGAGCGCATTGTCGAAAATACTGCATACACTGCAGAACGTCAGCCGGAACGCGACATCACTCCGGTTAACGATG
AAACCATGCAGGAGATTAACACTCTGCTGATCGCCCTGGATAAAACATGGGATGACGACTTATTGCCGCTCTGTT
CCCAGATATTTCGCCGCGACATTCGTGCATCGTCAGAACTGACACAGGCCGAAGCAGTAAAAGCTCTTGGATTCC
TGAAACAGAAAGCCGCAGAGCAGAAGGTGGCAGCATGACACCGGACATTATCCTGCAGCGTACCGGGATCGAT
GTGAGAGCTGTCGAACAGGGGGATGATGCGTGGCACAAATTACGGCTCGGCGTCATCACCGCTTCAGAAGTTCA
CAACGTGATAGCAAAACCCCGCTCCGGAAAGAAGTGGCCTGACATGAAAATGTCCTACTTCCACACCCTGCTTG
CTGAGGTTTGCACCGGTGTGGCTCCGGAAGTTAACGCTAAAGCACTGGCCTGGGGAAAACAGTACGAGAACGAC
GCCAGAACCCTGTTTGAATTCACTTCCGGCGTGAATGTTACTGAATCCCCGATCATCTATCGCGACGAAAGTATG
CGTACCGCCTGCTCTCCCGATGGTTTATGCAGTGACGGCAACGGCCTTGAACTGAAATGCCCGTTTACCTCCCGG
GATTTCATGAAGTTCCGGCTCGGTGGTTTCGAGGCCATAAAGTCAGCTTACATGGCCCAGGTGCAGTACAGCATG
TGGGTGACGCGAAAAAATGCCTGGTACTTTGCCAACTATGACCCGCGTATGAAGCGTGAAGGCCTGCATTATGTC
GTGATTGAGCGGGATGAAAAGTACATGGCGAGTTTTGACGAGATCGTGCCGGAGTTCATCGAAAAAATGGACGA
GGCACTGGCTGAAATTGGTTTTGTATTTGGGGAGCAATGGCGATGACGCATCCTCACGATAATATCCGGGTAGGC
GCAATCACTTTCGTCTACTCCGTTACAAAGCGAGGCTGGGTATTTCCCGGCCTTTCTGTTATCCGAAATCCACTGA
AAGCACAGCGGCTGGCTGAGGAGATAAATAATAAACGAGGGGCTGTATGCACAAAGCATCTTCTGTTGAGTTAA
GAACGAGTATCGAGATGGCACATAGCCTTGCTCAAATTGGAATCAGGTTTGTGCCAATACCAGTAGAAACAGAC
GAAGAATTTCATACGTTAGCCGCATCCCTTTCACAAAAGCTGGAAATGATGGTGGCGAAAGCAGAAGCAGATGA
GAGAAACCAGGTATGACAACCACGGAATGCATTTTTCTGGCAGCGGGCTTCATATTCTGTGTGCTTATGCTTGCC
GACATGGGACTTGTTCAATGACACCTCAGCAGGAAAACGCCCTTCGCAGCATTGCCCGTCAGGCTAATTCTGAA
ATCAAAAAAAGCCAGACAGCAGTTTCCGGATAAAAACGTCGATGACATTTGCCGTAGCGTACTGAAGAAGCAC
CGCGAAACGGTAACGCTGATGGGATTCACACCGACTCATTTAAGCCTGGCAATCGGCATGTTAAACGGCGTCTTT
AAGGAACGATGAACATGAAAAGCAAAATCATCAGGGAGCTACAGGCTCCTTTTTTATTATTCGCATTCACCCTCA
AGCGTATTAACCAACAGTTCAGGGATTAATGAAAGATGGCAGACATCATTGATTCAGCATCAGAAATAGAAGAA
TTACAGCGCAACACAGCAATAAAAATGCGCCGCCTGAACCACCAGGCTATATCTGCCACTCATTGTTGTGAGTGT
GGCGATCCGATAGATGAACGAAGACGCCTGGTCGTTCAGGGTTGTCGGACTTGTGCAAGTTGCCAGGAGGATCT
GGAACTTATCAGTAAACAGAGAGGTTCGAAGTGAGCGAAATTAACTCTCAGGCACTGCGTGAAGCGGCAGAGC
AGGCAATGCATGACGACTGGGGATTTGACGCAGACCTTTTCCATGAATTGGTAACACCATCGATTGTGCTGGAAC
TGCTGGATGAACGGGAAAGAAACCAGCAATACATCAAACGCCGCGACCAGGAGAACGAGGATATTGCGCTAAC
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AGTAGGGAAACTGCGTGTTGAGCTTGAAACAGCAAAATCAAAACTCAACGAGCAGCGTGAGTATTACGAAGGT
GTTATCTCGGATGGGAGTAAGCGTATTGCTAAACTGGAAAGCAACGAAGTCCGTGAAGACGGAAACCAGTTTCT
TGTTGTTCGCCATCCTGGGAAGACTCCTGTTATCAAGCACTGCACTGGTGACCTGGAAGAGTTTCTGCGGCAGTTA
ATCGAACAAGACCCGTTAGTAACTATCGACATCATTACGCATCGCTATTACGGGGTTGGAGGTCAATGGGTTCAG
GATGCAGGTGAGTATCTGCATATGATGTCTGACGCTGGCATTCGCATCAAAGGAGAGTGAGATCGGTTTTGTAAA
AGATAACGCTTGTGAAAATGCTGAATTTCGCGTCGTCTTCACAGCGATGCCAGAGTCTGTAGTGTCAGATGATGA
CCGTACTCAAACATCGGGTTGAGTATTATCTTACTGTTTCTTTACATAAACATTGCTGATACCGTTTAGCTGAAAC
GACATACATTGCAAGGAGTTTATAAATGAGTATCAATGAGTTAGAGTCTGAGCAAAAAGATTGGGCGTTATCAA
TGTTGTGCAGATCCGGTGTCTTGTCTCCATGCAGACATCACGAAGGTGTTTATGTAGATGAAGGTATAGATATAG
AGTCGGCATACAAATATTCCATGAAGGTTTATAAGTCTAATGAAGACAAATCCCCATTCTGCAATGTGCGAGAA
ATGACTGATACCGTGCAAAATTATTATCACGAGTACGGTGGAAACGATACTTGCCCTCTCTGTACAAAACATATA
GATGATTAAACCCAATATTACATAACAATCCTCGCACTCGCGGGGATTTATTTTATCTGAACTCGCTACGGCGGG
TTTTGTTTTATGGAGATGATAAATGCACTTCCGAGTCACAGGAGAATGGAATGGAGAGCCATTCAACAGAGTTAT
CGAAGCGGAGAACATCAACGACTGCTACGACCACTGGATGATATGGGCGCAGATAGCACATGCAGACGTAACC
AATATTCGAATTGAAGAACTGAAAGAACACCAAGCCGCCTGATGGCGGTTTTTTCTTGCGTGTAATTGCGGAGAC
TTTGCGATGTACTTGACACTTCAGGAGTGGAACGCACGCCAGCGACGTCCAAGAAGCCTTGAAACAGTTCGTCG
ATGGGTTCGGGAATGCAGGATATTCCCACCTCCGGTTAAGGATGGAAGAGAGTATCTGTTCCACGAATCAGCGGT
AAAGGTTGACTTAAATCGACCAGTAACAGGTGGCCTTTTGAAGAGGATCAGAAATGGGAAGAAGGCGAAGTCA
TGAGCGCCGGGATTTACCCCCTAACCTTTATATAAGAAACAATGGATATTACTGCTACAGGGACCCAAGGACGG
GTAAAGAGTTTGGATTAGGCAGAGACAGGCGAATCGCAATCACTGAAGCTATACAGGCCAACATTGAGTTATTT
TCAGGACACAAACACAAGCCTCTGACAGCGAGAATCAACAGTGATAATTCCGTTACGTTACATTCATGGCTTGAT
CGCTACGAAAAAATCCTGGCCAGCAGAGGAATCAAGCAGAAGACACTCATAAATTACATGAGCAAAATTAAAG
CAATAAGGAGGGGTCTGCCTGATGCTCCACTTGAAGACATCACCACAAAAGAAATTGCGGCAATGCTCAATGGA
TACATAGACGAGGGCAAGGCGGCGTCAGCCAAGTTAATCAGATCAACACTGAGCGATGCATTCCGAGAGGCAA
TAGCTGAAGGCCATATAACAACAAACCATGTCGCTGCCACTCGCGCAGCAAAATCAGAGGTAAGGAGATCAAG
ACTTACGGCTGACGAATACCTGAAAATTTATCAAGCAGCAGAATCATCACCATGTTGGCTCAGACTTGCAATGGA
ACTGGCTGTTGTTACCGGGCAACGAGTTGGTGATTTATGCGAAATGAAGTGGTCTGATATCGTAGATGGATATCTT
TATGTCGAGCAAAGCAAAACAGGCGTAAAAATTGCCATCCCAACAGCATTGCATATTGATGCTCTCGGAATATC
  209  
AATGAAGGAAACACTTGATAAATGCAAAGAGATTCTTGGCGGAGAAACCATAATTGCATCTACTCGTCGCGAAC
CGCTTTCATCCGGCACAGTATCAAGGTATTTTATGCGCGCACGAAAAGCATCAGGTCTTTCCTTCGAAGGGGATC
CGCCTACCTTTCACGAGTTGCGCAGTTTGTCTGCAAGACTCTATGAGAAGCAGATAAGCGATAAGTTTGCTCAAC
ATCTTCTCGGGCATAAGTCGGACACCATGGCATCACAGTATCGTGATGACAGAGGCAGGGAGTGGGACAAAATT
GAAATCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATAAGCAATGCTTTTTTAT
AATGCCAACTTAGTATAAAAAAGCTGAACGAGAAACGTAAAATGATATAAATATCAATATATTAAATTAGATTT
TGCATAAAAAACAGACTACATAATACTGTAAAACACAACATATGCAGTCACTATGAATCAACTACTTAGATGGT
ATTAGTGACCTGTAACAGAGCATTAGCGCAAGGTGATTTTTGTCTTCTTGCGCTAATTTTTTGTCATCAAACCTGTC
GCACTCCAGAGAAGCACAAAGCCTCGCAATCCAGTGCAAAGCTTTGTGTGCCACCCACTACGACCTGCATAACC
AGTAAGAAGATAGCAGTGATGTCAAACGACGCAGCTGACTTCTTTTCTTTCACGACTTCCCCACACCCAGCATGC
ATACCTTTCCGCCATAACTGTAGTGAATGTCTGTTATGAGCGAGGAGCGGAAGTTAACACTTATGAAAAATGGCT
ACGAAGTCCGTGGCTATCTATCGGCTTATTAGTACTTGAAACGCTTCTTCAGAAGCCTGAAGAGCTAATCGTTCG
GCGATACTATATATGCATTAATAGACTATATCGTTGGTATAAACAGTGCACCATGCAACATGAATAACAGTGGGT
TATCCAAAAGGAAGCAGAAAGCTAAATATGGAAAACTACAATACGATGCCCCGTTAAGTTCAATACTACTAATT
TTTAGATGGAAAACGTATGTAATAGAGAGTAACTTAAAAGAGAGATCCTGTGTTGCCGCCAAATAAATTGCGGTT
ATTTTAATAAAATTAAGGGTTACTATATGTTGGAGTTTAGTGTTATTGAAAGAGGCGGGTATATTCCTGCAGTAGA
AAAAAATAAGGCATTCCTACGAGCAGATGGTTGGAATGACTATTCCTTTGTTACAATGTTTTATCTTACTGTCTTT
GATGAGCATGGTGAAAAATGCGATATCGGAAATGTTAAAATTGGTTTTGTAGGTCAAAAAGAAGAAGTAAGCAC
TTATTCATTAATAGATAAAAAATTCAGTCAACTCCCTGAAATGTTTTTTTCCTTAGGTGAAAGCATTGACTACTAT
GTTAATCTCAGCAAATTAAGCGATGGTTTTAAACATAACCTTCTTAAAGCTATTCAGGATTTAGTAGTATGGCCAA
ATCGATTAGCCGACATTGAAAATGAAAGCGTCCTTAACACCTCATTACTTAGAGGGGTAACTCTTTCAGAAATTC
ATGGACAGTTCGCACGTGTGTTAAATGGTTTGCCAGAATTGTCAGATTTCCACTTTTCATTTAATAGAAAAAGTGC
TCCCGGATTCAGTGATTTAACTATACCTTTTGAGGTGACGGTTAATTCTATGCCCAGCACGAACATTCATGCTTTT
ATCGGGCGGAATGGGTGTGGTAAAACAACAATTTTGAATGGAATGATTGGTGCAATCACCAACCCAGAAAACAA
TGAATATTTTTTCTCTGAAAATAATAGACTTATCGAGTCAAGAATCCCAAAGGGATATTTTCGATCGCTTGTTTCA
GTTTCGTTTAGTGCATTTGATCCTTTTACTCCTCCTAAAGAACAACCTGACCCAGCAAAAGGTACACAATACTTTT
ATATTGGACTCAAGAATGCTGCCAGCAATAGTTTAAAATCACTAGGCGATCTCCGCTTAGAATTCATTTCAGCAT
TTATTGGTTGTATGAGAGTAGATAGAAAAAGACAACTCTGGCTTGAAGCTATCAAAAAACTAAGTAGTGATGAA
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AACTTTTCAAATATGGAACTCATCAGCCTCATTTCTAAATATGAAGAGTTAAGACGTAATGAACCACAGATTCAA
GTGGACGATGATAAATTCACTAAATTGTTTTATGACAATATCCAGAAATATCTGCTTCGAATGAGCTCTGGACAT
GCAATTGTTTTATTTACTATCACAAGATTAGTAGATGTCGTTGGCGAAAAGTCATTAGTTTTATTCGATGAACCAG
AGGTTCATCTGCATCCACCTTTGCTCTCTGCTTTTTTACGAACATTAAGCGACTTACTCGATGCACGCAATGGTGT
AGCAATAATTGCAACTCATTCCCCAGTAGTACTGCAAGAGGTTCCAAAATCCTGCATGTGGAAAGTCCTACGGTC
AAGAGAAGCAATAAATATTATCCGTCCGGATATTGAGACATTCGGTGAGAACTTAGGTGTTTTAACTCGTGAGGT
GTTTTTACTTGAAGTGACAAATTCTGGATACCACCACTTATTATCGCAGTCCGTTGATTCAGAGCTTTCTTATGAA
ACCATTCTAAAAAATTATAATGGTCAGATAGGATTAGAAGGTCGAACCGTTTTAAAAGCGATGATAATGAACAG
AGATGAAGGTAAAGTACAATGAAAAAACTACCTCTTCCAGCGAGAACTTATAGCGAAATGCTTAATAAATGCTC
GGAAGGTATGATGCAGATAAATGTTAGAAATAATTTCATTACTCACTTCCCCACTTTTTTGCAGAAAGAACAACA
ATATAGAATATTAAGCTCGACAGGTCAGTTATTTACCTACGACAGGACACACCCTCTTGAGCCTACAACCTTAGT
AGTTGGTAACCTGACAAAGGTTAAATTAGAAAAGCTTTATGAAAATAATCTCCGAGATAAAAACAAACCCGCTA
GAACATATTACGATGACATGCTTGTTTCATCAGGTGAAAAATGTCCATTTTGTGGTGATATAGGACAGACAAAAA
ATATAGATCATTTTCTTCCTATTGCACATTATCCTGAATTTTCGGTGATGCCTATTAATTTAGTTCCATCGTGCCGC
GACTGCAATATGGGAGAGAAAGGTCAAGTTTTCGCAGTAGATGAGGTACACCAAGCGATTCATCCCTATATCGA
CAAGGACATTTTTTTTCGTGAGCAATGGGTATATGCAAATTTCGTTTCCGGAACTCCGGGTGCTATCAGTTTTTATG
TTGAATGCCCGGCGAACTGGAGGCAGGAAGACAAACACAGAGCTCTTCATCATTTCAAGCTATTAAATATTGCT
AACAGGTATCGTTTGGAGGCAGGGAAGCACTTGAGTGAAGTGATTACTCAAAGAAACTCTTTCGTAAAAGTTAT
AAGGAAATATAGTTCAACCGCAACGTTTCAGCAGCTACAGTCAGAATTTATTGAAGCAAATCTGAAACCTATTAT
AGATTTGAATGACTTCCCCAATTATTGGAAAAGAGTTATGTATCAGTGCCTAGCAAACTCGGAAGATTTTTTCAG
AGGGAT 
B2: 51k-NR Staple Sequences 
Table B1. Staple sequences for 51k notched rectangle designed with an average of 1.67 
base pairs per turn. 
Name   Sequence   Length  
1.67bppt-­‐‑nr-­‐‑23r0g   GCATTTTTTTCATGGTGTTATTCCGTAGAAAA   32  
1.67bppt-­‐‑nr-­‐‑21r0g   TGTAATAAGCAGGGCCAGCGCAGTTGAAATTT   32  
1.67bppt-­‐‑nr-­‐‑19r0g   TTTTGAACAGTAAACGTCTGTTGAATGTCAGG   32  
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1.67bppt-­‐‑nr-­‐‑17r0g   TGGTTTCCTTTGGTGCTACTGCTGCGGATTAA   32  
1.67bppt-­‐‑nr-­‐‑15r0g   CCCAATTCCAGAAACGAAGAAATGACTTCTCT   32  
1.67bppt-­‐‑nr-­‐‑13r0g   CAAATTTTGGCTGCATCGACAGTTAACGATGC   32  
1.67bppt-­‐‑nr-­‐‑11r0g   TTTCTGTTTTAACAACATTTTCTGATTGCATT   32  
1.67bppt-­‐‑nr-­‐‑9r0g   ACCGAGCAATCCATTTACGAATGTGGAAGAAA   32  
1.67bppt-­‐‑nr-­‐‑7r0g   TCCAGCGGAGTATAAATGCCTAAAAAGATTTG   32  
1.67bppt-­‐‑nr-­‐‑5r0g   CATGCAATTATTGTGAGCAATACAAAATAGTA   32  
1.67bppt-­‐‑nr-­‐‑3r0g   GCAGATAGAGTTGCCCATATCGATATCTTTTA   32  
1.67bppt-­‐‑nr-­‐‑1r0g   GGAAGGAACCCAGAAGTATATTAACGGAAAAC   32  
1.67bppt-­‐‑nr1r0g   AGAGAGAGGCTGATCACTATGCAAAAACAACT   32  
1.67bppt-­‐‑nr3r0g   CAGACACCGCTGAACGGGATTATTCATGCAGA   32  
1.67bppt-­‐‑nr5r0g   CGGCGTGGATAATGCAGCCTCCCCTCGATGCA   32  
1.67bppt-­‐‑nr7r0g   TGTCAGTCAGTGCGTGAAGCCACCGCTAAAGC   32  
1.67bppt-­‐‑nr9r0f   TTCGTCGGTTGCACATCATGTTGCCG   26  
1.67bppt-­‐‑nr-­‐‑23r1f   TTAAACAATTATGTCAAATATTAGACAAAGTG   32  
1.67bppt-­‐‑nr-­‐‑21r1f   CATATTGTCTGGTCTGACCTCCTTAAATACAA   32  
1.67bppt-­‐‑nr-­‐‑19r1f   TGCGATGAGTAGTTTGCATTATCGGTGCTCAA   32  
1.67bppt-­‐‑nr-­‐‑17r1f   CTATGTCCTTGGTAAAACCTTCCATAATATTT   32  
1.67bppt-­‐‑nr-­‐‑15r1f   GCGGGAGTGAATATTTCTTTAAAACATGGAGC   32  
1.67bppt-­‐‑nr-­‐‑13r1f   ACACAGGGAATTCACAGTCTAAATGCTGATGA   32  
1.67bppt-­‐‑nr-­‐‑11r1f   ATGCCAACAGACGTTGTGACGTTTAAAAAATA   32  
1.67bppt-­‐‑nr-­‐‑9r1f   CCGGACGTATTATCTGTGGCTAGAGTTACCCT   32  
1.67bppt-­‐‑nr-­‐‑7r1f   TGTAGTGTACGGTGTTATCGTTTTCATAAGGT   32  
1.67bppt-­‐‑nr-­‐‑5r1f   ATGAATTACATTTACAACCTTTTTTGAGGCAG   32  
1.67bppt-­‐‑nr-­‐‑3r1f   TGTTCATGTTCTATAAGATGCGTGTGAAGGAT   32  
1.67bppt-­‐‑nr-­‐‑1r1f   TCCTGCTTATTTCTCTTGATTTCACCATAACT   32  
1.67bppt-­‐‑nr1r1f   GCTGGCGACGACAAAAATGCCAGAGTATTGCT   32  
1.67bppt-­‐‑nr3r1f   TGCGTCAGCGTGATAACGCCATTAAGGCAATC   32  
1.67bppt-­‐‑nr5r1f   AAATACACTCGTCTGCCTGTCATGTCACTGCC   32  
1.67bppt-­‐‑nr7r1f   TGAAAATGCGCGATTATCTCCGCTGCATAAGG   32  
1.67bppt-­‐‑nr9r1f   CTGGTCGTTTTTGGTCAGAGAGATTGATAAGAAGCG   36  
1.67bppt-­‐‑nr-­‐‑25r2i   TCACTTAATTTTTCGCAGAATCGTATGTCGATGCTTTTTGAAGTTT   46  
1.67bppt-­‐‑nr-­‐‑23r2e   TTGATGATACCCTAAACAATGAGTAGCGAGTA   32  
1.67bppt-­‐‑nr-­‐‑21r2e   GTTTCAATTAATATTTATTAATGTGCACATCC   32  
1.67bppt-­‐‑nr-­‐‑19r2e   GAGGGCGCATCGTCATTGTATTCCCCGGTTTG   32  
1.67bppt-­‐‑nr-­‐‑17r2e   CTGAGCCAACAGCCCTGACGGGGAATGGGTGA   32  
1.67bppt-­‐‑nr-­‐‑15r2e   ACTTGATCGTCCGGGAATAATTAATTCTTCTG   32  
1.67bppt-­‐‑nr-­‐‑13r2e   AATAAAACTTTAGCGCGTACACGTCGCCGCCA   32  
1.67bppt-­‐‑nr-­‐‑11r2e   ATAATGTGGCCCCGGTGCTGACACTTGCTGGG   32  
1.67bppt-­‐‑nr-­‐‑9r2e   ATGTGAATTATGATTTAGCGTGGAGTAATAAA   32  
1.67bppt-­‐‑nr-­‐‑7r2e   TTATTAACTCTGAATGCTCTCAGTCACGCGCT   32  
1.67bppt-­‐‑nr-­‐‑5r2e   GAATTTAATCAAAGGTATAGTAATGGGCAACT   32  
1.67bppt-­‐‑nr-­‐‑3r2e   TAGGACGTGATATTTGTAACCCATTGAGCAGT   32  
1.67bppt-­‐‑nr-­‐‑1r2e   GAAATGTGTAGCAAGATTTTCCCTGAACTGAA   32  
1.67bppt-­‐‑nr1r2e   GCCCAGCGACGCGGCAATTACTGATCACCCTC   32  
1.67bppt-­‐‑nr3r2e   ATCATTACCGTGATGTTGCTGCGCCCGACTGG   32  
1.67bppt-­‐‑nr5r2e   CTGCATCAGAAGGAGTTAGCTGATACCGCCTC   32  
1.67bppt-­‐‑nr7r2e   AGAGTCACATGCTCTGCGTGATGAAAGCAGTC   32  
1.67bppt-­‐‑nr-­‐‑23r3f   CGGTCCTGTTGTTTTTACGTTAAGCATAATTG   32  
1.67bppt-­‐‑nr-­‐‑21r3f   CCGACAGATATTCAGTGTCGCTGATCCACGCA   32  
1.67bppt-­‐‑nr-­‐‑19r3f   ATCTTCATGTTCTGTTCTTCGTTGATTATCAC   32  
1.67bppt-­‐‑nr-­‐‑17r3f   TAACCGCTGAAAGCGGATGTTGCGGACAGGTT   32  
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1.67bppt-­‐‑nr-­‐‑15r3f   GACAAAATAGCGATGTTAATTTGTTCGCTATT   32  
1.67bppt-­‐‑nr-­‐‑13r3f   TCCCTCCGGCTGAGAAATTCCCGGGTTTCCGT   32  
1.67bppt-­‐‑nr-­‐‑11r3f   TGCTTAATTTAGTCTCCGACGGCATTTATTTA   32  
1.67bppt-­‐‑nr-­‐‑9r3f   GATGTTGTTTTAATTGATGTATATACGACAGG   32  
1.67bppt-­‐‑nr-­‐‑7r3f   GTCTCTGGGGAAGAACGCGGGATGTCTGTCGT   32  
1.67bppt-­‐‑nr-­‐‑5r3f   CGTTGGTGTAAGTGAATTTACAATGAATGAAC   32  
1.67bppt-­‐‑nr-­‐‑3r3f   TATTCCCTCTGCAACTCAATTACTGGCTGACA   32  
1.67bppt-­‐‑nr-­‐‑1r3f   GCTAATCACGCAGTCTGTCACTGTTTCAGAAC   32  
1.67bppt-­‐‑nr1r3f   TGATTGATTTAAGGAGCGTGGCGCTGTGACAG   32  
1.67bppt-­‐‑nr3r3f   GACCGTTGGAAAAGTCAGGACGCTAGGGAACT   32  
1.67bppt-­‐‑nr5r3f   GGGCGCTGCGCAAGCAGCTTGGCCAATCATGG   32  
1.67bppt-­‐‑nr7r3f   CTGACAGCACCAGCTTCTTTCCCGGCTATTTA   32  
1.67bppt-­‐‑nr9r3f   GGCGGAACTTTTCCCAAAACTCAAATCAAACTTGTC   36  
1.67bppt-­‐‑nr-­‐‑25r4e   GATCAATTTTTTTAGTATTGGTTGCGTAGAATGTTT   36  
1.67bppt-­‐‑nr-­‐‑23r4e   GTCTGAAGCTGGCATTCTGGAGGGGTGTTTTG   32  
1.67bppt-­‐‑nr-­‐‑21r4e   TTGCCCCGTGTATGTAAGGCCAACTTTTTATC   32  
1.67bppt-­‐‑nr-­‐‑19r4e   TTCTGCGGACAGAAAGATTTGAAGTGTGATAC   32  
1.67bppt-­‐‑nr-­‐‑17r4e   TTGGTTAGAGATGAAGAGCAAGCGATGGCAAC   32  
1.67bppt-­‐‑nr-­‐‑15r4e   TGCTCAAGGAATAAAGAACAATCTCTTTTCGC   32  
1.67bppt-­‐‑nr-­‐‑13r4e   TGACCCAGTGGATCTGATTCGTGTTAGTTCAG   32  
1.67bppt-­‐‑nr-­‐‑11r4e   TTCTGACGAGCACCATTTCTATGATAGTAAAT   32  
1.67bppt-­‐‑nr-­‐‑9r4e   TCATCACTAATTGCATGTATAGAACTAACACG   32  
1.67bppt-­‐‑nr-­‐‑7r4e   GTTCGGAGAAGCATTCAGAGCAATAAGTCCTT   32  
1.67bppt-­‐‑nr-­‐‑5r4e   CTCGTAATAAGCACGATAATAATATTTCTTGA   32  
1.67bppt-­‐‑nr-­‐‑3r4e   TGGTAAAAGGTGGTTGACTGATCAACCTATCA   32  
1.67bppt-­‐‑nr-­‐‑1r4e   AGCCAACATTCAAACTATTTAGTCTTTACCTA   32  
1.67bppt-­‐‑nr1r4e   GCAGCAGACGTGGTGATATCCGTCCCTACAAA   32  
1.67bppt-­‐‑nr3r4e   TTCTCTCCCAGCAATATCTGGGCTGGCTGTTA   32  
1.67bppt-­‐‑nr5r4e   ATGCCTACGTTATGGTCAGTTCGACTGGTTAT   32  
1.67bppt-­‐‑nr7r4e   CGGACGCTCTGATTGCAAAATTCAGTATGAGC   32  
1.67bppt-­‐‑nr-­‐‑23r5f   ATTATTTGACGGGATATCATCAAAGATACCGG   32  
1.67bppt-­‐‑nr-­‐‑21r5f   CGTTGTGAGAACTGGAAAACCGACAGTCAGGT   32  
1.67bppt-­‐‑nr-­‐‑19r5f   TTTACGGGGGCTCCCCCTGTCGGTCGCCGGGC   32  
1.67bppt-­‐‑nr-­‐‑17r5f   ACGGGGCGGATCGCAGGTGAAATTCACAGACC   32  
1.67bppt-­‐‑nr-­‐‑15r5f   TATGAAAAGAAACCGCATTCTGTATACTATCT   32  
1.67bppt-­‐‑nr-­‐‑13r5f   TCTTCTTCTGAAGAATGCCAGAGAAGGGCGCT   32  
1.67bppt-­‐‑nr-­‐‑11r5f   AAATACCCACTTACGCGTGCGCAGCCATCATG   32  
1.67bppt-­‐‑nr-­‐‑9r5f   TGCTGAAACAGCCAGGAACTATTGCGTGAGGT   32  
1.67bppt-­‐‑nr-­‐‑7r5f   TTCCTTTCAAGAACTGCGGCAGGCCGGTTATT   32  
1.67bppt-­‐‑nr-­‐‑5r5f   AATGGAAGAATTGAGAACGAAAAGCCTACTTT   32  
1.67bppt-­‐‑nr-­‐‑3r5f   TTTTCGGTGTCATAAAATGGTATGCTTATCTG   32  
1.67bppt-­‐‑nr-­‐‑1r5f   TGGCAGGAAGGGTAATGAGGTGCTGAACTTTA   32  
1.67bppt-­‐‑nr1r5f   TCCTCGATAAATCAATAATCAACGCTGCGAGG   32  
1.67bppt-­‐‑nr3r5f   GATAACGGGCTGCTAAAAAAGCCGTGCGTTTG   32  
1.67bppt-­‐‑nr5r5f   TTATGACGCTGACTCGATTGGTTCATAATGGC   32  
1.67bppt-­‐‑nr7r5f   CTGATTACTATAACGAGCGTGTTTGACGCAAC   32  
1.67bppt-­‐‑nr9r5f   ACGCTAAATTTTGACTTCGCCGGACTAACATTCGTG   36  
1.67bppt-­‐‑nr-­‐‑25r6e   CAAAGCAGTTTTAATACGATACCTGCGTTTGATGCA   36  
1.67bppt-­‐‑nr-­‐‑23r6e   TTCCTGAAACGTGGTTTGATGGCCTTTGTATT   32  
1.67bppt-­‐‑nr-­‐‑21r6e   GTTTTCCGTATGTAGATGATAATCACATGAGG   32  
1.67bppt-­‐‑nr-­‐‑19r6e   TCTCGACGTCCTTTCCGGTGATCCGGTTGTTG   32  
1.67bppt-­‐‑nr-­‐‑17r6e   CTGTCGCGGCGACCTCGCGGGTTTTCAATCAT   32  
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1.67bppt-­‐‑nr-­‐‑15r6e   AAGTGGTGTTTTCCGGTTTAAGGCACCCTTTT   32  
1.67bppt-­‐‑nr-­‐‑13r6e   ACAGGAACGTCATAACTTAATGTTGGCTTCAA   32  
1.67bppt-­‐‑nr-­‐‑11r6e   CGCCATCGTCTGAAAAGAAAGGAAGCTCTCTT   32  
1.67bppt-­‐‑nr-­‐‑9r6e   CAGATCTCGCGAGGCTTTTTGGCCTTCATTCT   32  
1.67bppt-­‐‑nr-­‐‑7r6e   GGAGGTTGTCTGTTTTTGTCCGTGATCGTCCT   32  
1.67bppt-­‐‑nr-­‐‑5r6e   GATGCTGATCAACAAAAAGCAGCTGCAATGCC   32  
1.67bppt-­‐‑nr-­‐‑3r6e   CTGCCGCCGCGAGTATCCGTACCACAGGAAAG   32  
1.67bppt-­‐‑nr-­‐‑1r6e   CGGTGGCAACAGGGAATGCCCGTTTAAGGCGT   32  
1.67bppt-­‐‑nr1r6e   GATGGTAGATGCTGGCGTGGTCGGGTGGCATT   32  
1.67bppt-­‐‑nr3r6e   AACGCTTCACGTCAGAAAACCAGATGAAAGAC   32  
1.67bppt-­‐‑nr5r6e   CATCGGTATCATTGTAGGCGGAGATTGGTGGG   32  
1.67bppt-­‐‑nr7r6e   CTCGCTTATCCGATCACCCTCGCAACAGGCGC   32  
1.67bppt-­‐‑nr-­‐‑23r7f   GGTTGCTGGAGCAGTATCTTAAATTGGACGCC   32  
1.67bppt-­‐‑nr-­‐‑21r7f   TAACAGGCGTTTTCATGTTGCCTGTCTCTGCG   32  
1.67bppt-­‐‑nr-­‐‑19r7f   TTCGCTCAGCGTGCAGCCAGTGAAAGCAGGAG   32  
1.67bppt-­‐‑nr-­‐‑17r7f   GCCGTTGAACGCCAAAAGTGAGAGATCTGCGA   32  
1.67bppt-­‐‑nr-­‐‑15r7f   CCCGAAAGGCTCGGTCTGGCCAAATGGCATTC   32  
1.67bppt-­‐‑nr-­‐‑13r7f   GGGAAACATCCGACGTTCCTGGGTAGATTGAG   32  
1.67bppt-­‐‑nr-­‐‑11r7f   AATGCGATGCTTTTGATGATGATAATCTGGAC   32  
1.67bppt-­‐‑nr-­‐‑9r7f   GAATGTGGCGGTGGATGTGGCGGGGGTGCAGA   32  
1.67bppt-­‐‑nr-­‐‑7r7f   CCAAAATGCGGTAAAGCGGCAAAAAAGGGGAT   32  
1.67bppt-­‐‑nr-­‐‑5r7f   ATAGAGCATTCACTAATGGGCGTGAACACCAC   32  
1.67bppt-­‐‑nr-­‐‑3r7f   GTTGCCGAAGCACCGGGATAACACAATTGGCG   32  
1.67bppt-­‐‑nr-­‐‑1r7f   TGAAAACCGCTGCTGGCGCTGGCCCAGAGCGG   32  
1.67bppt-­‐‑nr1r7f   GGAACAAGGTTGGCCGCCATTCTCTTCGTGAT   32  
1.67bppt-­‐‑nr3r7f   CAATGGCGTAAGACATGAAGATGCGAATTCAT   32  
1.67bppt-­‐‑nr5r7f   GGTGCGTTTAATTAAATAGAGCAATTACACAT   32  
1.67bppt-­‐‑nr7r7f   GATGTGCGGGATTTGTTCTATCAGGAGGTCGC   32  
1.67bppt-­‐‑nr9r7f   ACCTTCTCTTTTCGAACAAATCTGATTACCGTGCAT   36  
1.67bppt-­‐‑nr-­‐‑25r8e   AAAGAGACTTTTCCGCGCTGGATGAACTGCCATGAA   36  
1.67bppt-­‐‑nr-­‐‑23r8e   GCGGGGAGAGTGAATATATCGAACATGTTGAT   32  
1.67bppt-­‐‑nr-­‐‑21r8e   TTTTATGCTGCGGCATTTTGTCCGGCAGCGGC   32  
1.67bppt-­‐‑nr-­‐‑19r8e   CAGATTGACTGTTCAGGCCGGAGCGCCAGTAT   32  
1.67bppt-­‐‑nr-­‐‑17r8e   GTGGCTCCATGGGCGGATGCTAATCTTTCGTG   32  
1.67bppt-­‐‑nr-­‐‑15r8e   TATTGAAGAATCCGCATACCAGGACTCCGCTG   32  
1.67bppt-­‐‑nr-­‐‑13r8e   GAAGGCTCCTGCCCTTTCAGCGGGGCCGACGC   32  
1.67bppt-­‐‑nr-­‐‑11r8e   AACTTGCTGGGCAGCGACTACATCAGTACGAA   32  
1.67bppt-­‐‑nr-­‐‑9r8e   TGAAAAGTTGAAGTCTGCCCGTGTCAGCGAGG   32  
1.67bppt-­‐‑nr-­‐‑7r8e   TGCCTGGGCTGCTGGGTGTTTATGCTGCGCCG   32  
1.67bppt-­‐‑nr-­‐‑5r8e   TGAAGCGTTAAGCAGCGCAACACCCCGAAAGG   32  
1.67bppt-­‐‑nr-­‐‑3r8e   TGGCAAAACGGATGGTGATGCCGATTATGACT   32  
1.67bppt-­‐‑nr-­‐‑1r8e   ATTCCGTCCACGTTGAGCCGACTAGCGGCAAA   32  
1.67bppt-­‐‑nr1r8e   CATGACCTGCATCGGGGCAATCCTGAGTAGAA   32  
1.67bppt-­‐‑nr3r8e   ATTGGGGGTACCTTCGCGGCAGATGCTTATCA   32  
1.67bppt-­‐‑nr5r8e   CTTATTCCTACAAAAACAGTAATCATCGGCTA   32  
1.67bppt-­‐‑nr7r8e   AGTAGCCTCCATTATCGCCTGGTTGTAGCAAT   32  
1.67bppt-­‐‑nr-­‐‑23r9f   GGATGACCCCTTACCGAAATCGGTCTTCACAC   32  
1.67bppt-­‐‑nr-­‐‑21r9f   AGCATAATATGCCACGTAAGCGAATTCCCGGT   32  
1.67bppt-­‐‑nr-­‐‑19r9f   CTGGACTTGGGCATCCGTCTACGGGATATTTT   32  
1.67bppt-­‐‑nr-­‐‑17r9f   AAAGACCGACATGGGCTGTTCCGGGACTGCTG   32  
1.67bppt-­‐‑nr-­‐‑15r9f   TCTGGTTTGACCCGACCATTGTGTATGGCAGG   32  
1.67bppt-­‐‑nr-­‐‑13r9f   CCACCTGATATCCCGTATCTGCTGAAGCGACG   32  
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1.67bppt-­‐‑nr-­‐‑11r9f   AGCGTACACTATACCCGCCGGAATTTATGCGC   32  
1.67bppt-­‐‑nr-­‐‑9r9f   TTGTCAAACTGCTGCGTGTGGATGCCCGCTGG   32  
1.67bppt-­‐‑nr-­‐‑7r9f   ACGGGAAATTATTATGGGCCGCCAGCGAGCCT   32  
1.67bppt-­‐‑nr-­‐‑5r9f   GCTCGGTGGGGTGAGGAAAGCTGGCAACAAGA   32  
1.67bppt-­‐‑nr-­‐‑3r9f   AACGTCCGCGCTACGAAATGCGCGCCTTATCC   32  
1.67bppt-­‐‑nr-­‐‑1r9f   AAAGAGCAACCTGACCGCCGGTATAAGAACTT   32  
1.67bppt-­‐‑nr1r9f   TGAGCCGTGCCCAGCAACAGCACACCTGACCG   32  
1.67bppt-­‐‑nr3r9f   TAGTAATACGGATCACCAAATGCGACTCCAAC   32  
1.67bppt-­‐‑nr5r9f   GACCTTCGGTGCTGAATTAAGCGAAATGCAAT   32  
1.67bppt-­‐‑nr7r9f   GCTAACAAGGCGAGCCTGGTTAGCTTAGAGCC   32  
1.67bppt-­‐‑nr9r9f   ATCGGTCATTTTTAAGAGCATTGAGTCGATATCTGC   36  
1.67bppt-­‐‑nr-­‐‑25r10e   CGCGAAAGTTTTGCCGTTTGGCCTCAAATTGGCGAC   36  
1.67bppt-­‐‑nr-­‐‑23r10e   GGGGTTTACCTCCAGCGTGTTTTACCCGCATT   32  
1.67bppt-­‐‑nr-­‐‑21r10e   TGGCCAGCGCCTGCGTCATCCGCCTCCCCGCA   32  
1.67bppt-­‐‑nr-­‐‑19r10e   CATTAAAGTACTGATGCCCGTTATGCACCTGT   32  
1.67bppt-­‐‑nr-­‐‑17r10e   TCGAAAAAGGATCTGGACCCGTGAGTCCATCC   32  
1.67bppt-­‐‑nr-­‐‑15r10e   GCGGGATTTCGTCATCCGGTGAAGGACAAGCG   32  
1.67bppt-­‐‑nr-­‐‑13r10e   AATGTCGACAGTGTGACCTTTCACTTGAACAG   32  
1.67bppt-­‐‑nr-­‐‑11r10e   AATAAAACGCCCGTTCACCACCTGTTATGATG   32  
1.67bppt-­‐‑nr-­‐‑9r10e   AACAGACGGACTGGATGAAAACGAAACTACCG   32  
1.67bppt-­‐‑nr-­‐‑7r10e   CCGGCAGAACGTAAAACCTTCGTAGCTTCTGG   32  
1.67bppt-­‐‑nr-­‐‑5r10e   TGGGGGCCAGACGTGGGAGGCGAAGCTCACCA   32  
1.67bppt-­‐‑nr-­‐‑3r10e   AGCTGGACGATGCTGAAGTGATGGCCGTGGTA   32  
1.67bppt-­‐‑nr-­‐‑1r10e   TGTGGCTTTTATTCAGCGCCCGTTACCCAAAC   32  
1.67bppt-­‐‑nr1r10e   TCATCGCCAGCCACTGTCTGTCCTCAGAAAAA   32  
1.67bppt-­‐‑nr3r10e   AGCAGAACGTTACGCTGCGGCCTTATCCCCTT   32  
1.67bppt-­‐‑nr5r10e   TTTCCGTTTGAAAGCGGGTGGCAGTAATCGAC   32  
1.67bppt-­‐‑nr7r10e   GAAGAGTCCCTCCTGCCGTTTTGCCTAAACAC   32  
1.67bppt-­‐‑nr-­‐‑23r11f   TGACGCCGGCCAACGCCATCCAGCCGGCTCAG   32  
1.67bppt-­‐‑nr-­‐‑21r11f   GCCGTTCACAGACGATCTGGTACGGGGCATCG   32  
1.67bppt-­‐‑nr-­‐‑19r11f   TGATCTGAGTTGCCCAACTTTACCCCCGCGAG   32  
1.67bppt-­‐‑nr-­‐‑17r11f   AAGAGCAGAACCCACCGAGTGAAAGCCGAGGA   32  
1.67bppt-­‐‑nr-­‐‑15r11f   AAAAAAATGCAGCGGATTTGGAGGGCGAAAAC   32  
1.67bppt-­‐‑nr-­‐‑13r11f   CAATGAGGGCTGCGCGAATATGCCAAGGTGTG   32  
1.67bppt-­‐‑nr-­‐‑11r11f   TGGCGGCGCCCACCCTTCTGGGGCCTGTTCGT   32  
1.67bppt-­‐‑nr-­‐‑9r11f   CAGCTGGAGCAGGATTTTATGTATGTCGCGGC   32  
1.67bppt-­‐‑nr-­‐‑7r11f   GCAGGAAGAGACCGGCATGACACATCAGCCCG   32  
1.67bppt-­‐‑nr-­‐‑5r11f   AAACACTGCCTGAAAAAATATATTACCGGCGA   32  
1.67bppt-­‐‑nr-­‐‑3r11f   GGAGAGGAAGGGTGGAGTTTACGGGCAGATTA   32  
1.67bppt-­‐‑nr-­‐‑1r11f   GCCGCTGCAACGGGTGGCAACAGTATTACGTC   32  
1.67bppt-­‐‑nr1r11f   GGTCACTTGCTTACTACCGATTCCGACCTGAT   32  
1.67bppt-­‐‑nr3r11f   CATCGCAGCTCGTTGTGGTAGTGACTTACCCA   32  
1.67bppt-­‐‑nr5r11f   CCCGAAACGGGTAAATTTGACTCAGCCGCTGT   32  
1.67bppt-­‐‑nr7r11f   TGCATAACAACGGCATGATATTGAACAAAGAA   32  
1.67bppt-­‐‑nr9r11f   ACAACAGGTTTTAGCAGCATGATTGCCAAATGCGGT   36  
1.67bppt-­‐‑nr-­‐‑25r12e   GATCATATTTTTAGCAGATTTATAACCGACGGATAC   36  
1.67bppt-­‐‑nr-­‐‑23r12e   GCTATGCCGAAGGGGATGAACCGCACAAAAAC   32  
1.67bppt-­‐‑nr-­‐‑21r12e   TGCCCGCGCTTCCCGAATAACCCGAAAGCCGG   32  
1.67bppt-­‐‑nr-­‐‑19r12e   GCAGCCCTCCGAAGCGCAGCAGCTGTGATCCC   32  
1.67bppt-­‐‑nr-­‐‑17r12e   GGTCGTGGGTCGAAAAATGGGTGGATGAACGC   32  
1.67bppt-­‐‑nr-­‐‑15r12e   CGGCGGTGACTGTGGGACAGCAAAGGATACTG   32  
1.67bppt-­‐‑nr-­‐‑13r12e   ATGACATCCACTCGACTGCTTCGTGGTGCAGA   32  
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1.67bppt-­‐‑nr-­‐‑11r12e   CCACCATTCTGCGCATCAGTATTTAGGCCATC   32  
1.67bppt-­‐‑nr-­‐‑9r12e   GGGGACCTTCTCAGTGCGCTGCTGCGACGATG   32  
1.67bppt-­‐‑nr-­‐‑7r12e   GGAAGTGCAGGATGGTGCAGCAACCTGATTGA   32  
1.67bppt-­‐‑nr-­‐‑5r12e   GTGTCTGAGCAGATTACGCCCGTGTATGGGGA   32  
1.67bppt-­‐‑nr-­‐‑3r12e   ACGGACGATGAATGACGCGACAGGCGACTCCC   32  
1.67bppt-­‐‑nr-­‐‑1r12e   GACAGGTACCGTGCGGCACTGCATGCCTAGTT   32  
1.67bppt-­‐‑nr1r12e   GAGGCGGCCGACGTATCGTCTGGATACAGGCG   32  
1.67bppt-­‐‑nr3r12e   TTAATTCGGCAGAGAGGTCTGCAAATACCGGA   32  
1.67bppt-­‐‑nr5r12e   ATAAAATTAGTTCGCAGGTAATAGCAGTGCTC   32  
1.67bppt-­‐‑nr7r12e   AACATATTGGTTTCGGGATTTTTTATAATCGT   32  
1.67bppt-­‐‑nr-­‐‑23r13f   TCATCGCCCTCACTGAACCTGCAGGTTTGAGC   32  
1.67bppt-­‐‑nr-­‐‑21r13f   GGGAGGAAGGCGCAAAAGTACCGCCCGGGCTG   32  
1.67bppt-­‐‑nr-­‐‑19r13f   GTTGAAGCCGTATTACGCCGCAGCCGGAATTA   32  
1.67bppt-­‐‑nr-­‐‑17r13f   TGACTGCTAAGGCTGACCGGCTGGACGGGCCA   32  
1.67bppt-­‐‑nr-­‐‑15r13f   GCACGTTTATTCTGGGCGCGAACATTATGGGG   32  
1.67bppt-­‐‑nr-­‐‑13r13f   GCCATGCAGTGAGCTGGATACGCACAGGCGAG   32  
1.67bppt-­‐‑nr-­‐‑11r13f   TCAGGCCATGTGAAGGCGATGTATAGAGGCCA   32  
1.67bppt-­‐‑nr-­‐‑9r13f   TTTTCCGGACGCTGCAGAACACGCCTTCAAAA   32  
1.67bppt-­‐‑nr-­‐‑7r13f   AAGCGCATACAGCGTGATGGAGCACGCAGTGC   32  
1.67bppt-­‐‑nr-­‐‑5r13f   CAGCCGGAGGACGGGCAGACTCGCCTCCGGTC   32  
1.67bppt-­‐‑nr-­‐‑3r13f   ATGACAGCGCCTCGTTCATTCACGAAGTTCAG   32  
1.67bppt-­‐‑nr-­‐‑1r13f   AGCGAGGACATGGATACCCCGTGAGGACTGAG   32  
1.67bppt-­‐‑nr1r13f   GCTGTGACATGCCAGCAAGCGCAGATGCCGCA   32  
1.67bppt-­‐‑nr3r13f   ACCCACCTGCGGAAGATGCAAAGGCACAAGGT   32  
1.67bppt-­‐‑nr5r13f   ATGACGCTAGAGCTGTGGGGGAGAAAAGCTTG   32  
1.67bppt-­‐‑nr7r13f   GAGTCAATGGTACAGGCCGTGCGGTGCAAGTG   32  
1.67bppt-­‐‑nr9r13f   CACACGTTTTTTCGACGCCGGGGGCAAGTATTGCCG   36  
1.67bppt-­‐‑nr-­‐‑25r14e   GGATACGGTTTTCGTCGGGTCTTTTTTCTGCATCAG   36  
1.67bppt-­‐‑nr-­‐‑23r14e   CCGGGTGACAAGCTGGCGCTATCTCAATAACG   32  
1.67bppt-­‐‑nr-­‐‑21r14e   GGCTGGGAGAAGCCCGTGCCTTTTCGTGGCAA   32  
1.67bppt-­‐‑nr-­‐‑19r14e   AATTGCCGGGCATGGAAAGAGTTTGTGTGGAT   32  
1.67bppt-­‐‑nr-­‐‑17r14e   CAGCGGGAGCTGCATTGACGTTGAGCAGTTGC   32  
1.67bppt-­‐‑nr-­‐‑15r14e   TGGATTTTACCATGATGATTCGGGGGTTATCA   32  
1.67bppt-­‐‑nr-­‐‑13r14e   CATTGAGACGCCTTTAACGGTGAACGGACGGC   32  
1.67bppt-­‐‑nr-­‐‑11r14e   AGCGCCATCCTGGGATACCAGTTCGAAAACGC   32  
1.67bppt-­‐‑nr-­‐‑9r14e   TGCTCGACACACAGTTCCGGATGGGCGACGCA   32  
1.67bppt-­‐‑nr-­‐‑7r14e   TGTGTTTTCAGCAACCCGAACAATGCAGAGCT   32  
1.67bppt-­‐‑nr-­‐‑5r14e   CCCGTGGAACTGCCGTGCCGGTGTCCACTTCC   32  
1.67bppt-­‐‑nr-­‐‑3r14e   GCGGGCGCGGTGCGGCGCTGGGATACAGAAAG   32  
1.67bppt-­‐‑nr-­‐‑1r14e   GAAATGGACGGGTATCCTGGCTGGCATATCGC   32  
1.67bppt-­‐‑nr1r14e   ATTCAAGGGATGCTAATCCCAAACGATGAAAA   32  
1.67bppt-­‐‑nr3r14e   GAAAGAGTGGTCACGCACTGTTAAACGATGGG   32  
1.67bppt-­‐‑nr5r14e   GCCAAAACCTGGTGGTGCAATGCCCTTATTGA   32  
1.67bppt-­‐‑nr7r14e   ATTGCCATCGCAGACAACATTTTGCGGATGGC   32  
1.67bppt-­‐‑nr-­‐‑23r15f   AGTCACTGCAGGTCATGAACGGCAAGCCGGAC   32  
1.67bppt-­‐‑nr-­‐‑21r15f   GGTGTCTCATGATGACGGACCACGGATGACCG   32  
1.67bppt-­‐‑nr-­‐‑19r15f   CGCCCAGAGGAGGCACTCGCGACGTGCAACAG   32  
1.67bppt-­‐‑nr-­‐‑17r15f   GTGCGAACGATGCGGTGTCCGGCGGGCATTCT   32  
1.67bppt-­‐‑nr-­‐‑15r15f   CGGCGAAATTGCAGGCCAGCTTGGGATGGTGG   32  
1.67bppt-­‐‑nr-­‐‑13r15f   CCAGATGTACCCGCCTATGCGCGGTCATCGCC   32  
1.67bppt-­‐‑nr-­‐‑11r15f   TCGTTCGCAGCATGGCCTTTAATGTGGGCGCT   32  
1.67bppt-­‐‑nr-­‐‑9r15f   GCGCGCTTCAGCAGAGCTGCGTAAAGGTCAGT   32  
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1.67bppt-­‐‑nr-­‐‑7r15f   CTGGGGGACTGCGACAATCAACAGGTCTGGTC   32  
1.67bppt-­‐‑nr-­‐‑5r15f   GTATGGCCCCGCCTGGGCGGCTGCATCGGCGT   32  
1.67bppt-­‐‑nr-­‐‑3r15f   GAAGCGGTGATGGAGCGCCGTGCATGCTGCGC   32  
1.67bppt-­‐‑nr-­‐‑1r15f   TACCTACGCAGGAAATTTTTGCCCCGCTGATT   32  
1.67bppt-­‐‑nr1r15f   ATCAACTAAGCCAGAACGACAAACACGCGGTG   32  
1.67bppt-­‐‑nr3r15f   ATCGGGGAGTATGGCTGCATTCTGGTATATCG   32  
1.67bppt-­‐‑nr5r15f   AAGGAAATTATGGGGATGGCGCAAACCTAACA   32  
1.67bppt-­‐‑nr7r15f   CTCGCAACGACTCTCTTTCCGGTAGCATGAGA   32  
1.67bppt-­‐‑nr9r15f   TAGTGCCGTTTTTGATGAGCGACTCACCTCGCCAAA   36  
1.67bppt-­‐‑nr-­‐‑25r16e   CTGCCGGTTTTTATAACGGCTACTCCGTACGGCTCA   36  
1.67bppt-­‐‑nr-­‐‑23r16e   GCAGTTATCTGCGGTATATCGCTGACCTGATG   32  
1.67bppt-­‐‑nr-­‐‑21r16e   ATCCGGTGGTATGAGCAGCTTTCCGCCGGTCC   32  
1.67bppt-­‐‑nr-­‐‑19r16e   ACTGCCCATGAGCTACTCCACGGCATTGGTGA   32  
1.67bppt-­‐‑nr-­‐‑17r16e   GCCTGACGGAGTCGTGGGCGTACTGTCAGGAG   32  
1.67bppt-­‐‑nr-­‐‑15r16e   TTGTGCGCATTCGTCGCATCCCGTGTCAGCGA   32  
1.67bppt-­‐‑nr-­‐‑13r16e   ATGCTTGATTCTGTGCTGGCTGGAGCCGCCAC   32  
1.67bppt-­‐‑nr-­‐‑11r16e   ATATTGCCCGCGTGGTGACGTTACAGCTGCAG   32  
1.67bppt-­‐‑nr-­‐‑9r16e   AAGAGTGACAGTTTTCAGGAAGCCGATGAAGA   32  
1.67bppt-­‐‑nr-­‐‑7r16e   AATCCGGGACTGCGACTGGATAGGGGTGCAAA   32  
1.67bppt-­‐‑nr-­‐‑5r16e   TAAACCGCATCGATGGTCTGAAAGTTTTTGAA   32  
1.67bppt-­‐‑nr-­‐‑3r16e   CGTGAAACGATGCTGATAGAAGCCGTTACCCG   32  
1.67bppt-­‐‑nr-­‐‑1r16e   ACGACTATAGAAAGAGTGCGCAAAAAAAGGCT   32  
1.67bppt-­‐‑nr1r16e   ACGAACTCTCTGATGCAATTTGCACGTCGGCT   32  
1.67bppt-­‐‑nr3r16e   CGGATTCGAATACCGTGGTGTGGCGTTGTCGA   32  
1.67bppt-­‐‑nr5r16e   ATGGCTGCACTAAGGCAAAGGTACTTGATATT   32  
1.67bppt-­‐‑nr7r16e   CGGCTTCTATTCGCTTATGCGGATATGCAGAG   32  
1.67bppt-­‐‑nr-­‐‑23r17f   GCGGGCGCGCCGGACGTGAACGCGCCGCATTA   32  
1.67bppt-­‐‑nr-­‐‑21r17f   GTTACAACGCGACGGAGGGCGAGACTCACGGA   32  
1.67bppt-­‐‑nr-­‐‑19r17f   GCTGCCAGCTTCGCAGGCTGACGTGCAGAAAC   32  
1.67bppt-­‐‑nr-­‐‑17r17f   GCTCGATAAGAGACTCAATCAACACCGCCGCA   32  
1.67bppt-­‐‑nr-­‐‑15r17f   CGGGGGCAAAATCCCGTCTCTCAGCACAGGCG   32  
1.67bppt-­‐‑nr-­‐‑13r17f   CGTGTGCGTCACCGTCATGCGTGACTGATGCA   32  
1.67bppt-­‐‑nr-­‐‑11r17f   TGCCAACGGGCTGATGAACTTGTTAGGTAACC   32  
1.67bppt-­‐‑nr-­‐‑9r17f   TGCTTGCCTACAGCGGTCAGGAGGTGCTGAAC   32  
1.67bppt-­‐‑nr-­‐‑7r17f   ACGCAGACTGCAGGTTGTGCTGGAACGAGCAA   32  
1.67bppt-­‐‑nr-­‐‑5r17f   CATGATGGGCAGAAGGTGTCGGCAGCAGGGCA   32  
1.67bppt-­‐‑nr-­‐‑3r17f   TGGAGAAATCCCGGATGGACGCAACCGCGCCC   32  
1.67bppt-­‐‑nr-­‐‑1r17f   TACAGCGGATCTTCCGGATGACGTGCAATGAC   32  
1.67bppt-­‐‑nr1r17f   ACCACTCACTTTGGTCATACGCCAGGCAACCC   32  
1.67bppt-­‐‑nr3r17f   ATACCGGCGTGAAAGAAATCAAAGTCTCGATT   32  
1.67bppt-­‐‑nr5r17f   TTGATTCAGCGAACGAATCAGCAACTCTTGCC   32  
1.67bppt-­‐‑nr7r17f   CTCGAAAGGCCAGTTGATCATCAGATCATCGA   32  
1.67bppt-­‐‑nr9r17f   AAGCCCGATTTTGATTATCCCTTTGACGTGTTATCT   36  
1.67bppt-­‐‑nr-­‐‑25r18e   CGCAGCGGTTTTGTCCGGCACGCTGGTCTCGCCGTG   36  
1.67bppt-­‐‑nr-­‐‑23r18e   GCGGCGCATGCAGCCGTACTCGGGACAGGCCC   32  
1.67bppt-­‐‑nr-­‐‑21r18e   TGGTGCCAGGCATTATCGCCCGTCCTGGCATT   32  
1.67bppt-­‐‑nr-­‐‑19r18e   AGCCACTGCGATCCGATGGTGGACACAGCCTG   32  
1.67bppt-­‐‑nr-­‐‑17r18e   ATGACCAATGGACACGCCCGGCGGGATCAGCA   32  
1.67bppt-­‐‑nr-­‐‑15r18e   ATGCACGTTTTGACTGCGCTGACAGTTTTCTT   32  
1.67bppt-­‐‑nr-­‐‑13r18e   CGATGCGATGACATAAAACCGGTAAGCCGCTG   32  
1.67bppt-­‐‑nr-­‐‑11r18e   GCCGGACTACATGAACTGCAGTGCTCTCCCGC   32  
1.67bppt-­‐‑nr-­‐‑9r18e   CTGCAGTGAGTGCCGCCTCCCGGCAGGAGGAG   32  
  217  
1.67bppt-­‐‑nr-­‐‑7r18e   CCTGTCCGCGCCCGGACAGGCTCCAGCATTTG   32  
1.67bppt-­‐‑nr-­‐‑5r18e   ATGTTTGCCTCACAGTAATTACGGGCCGGTCT   32  
1.67bppt-­‐‑nr-­‐‑3r18e   CACTGCAGCAGGGTGTGGAAATCAAGCAGGTC   32  
1.67bppt-­‐‑nr-­‐‑1r18e   CTACAGCCCAGCCATAAGGTGGATGCAGTGAA   32  
1.67bppt-­‐‑nr1r18e   ACGTTCATAGTTTGCCAACCAAATCGGTAAGC   32  
1.67bppt-­‐‑nr3r18e   ACGGGATCGCAGTGTTCTGCGGAATCACAAGC   32  
1.67bppt-­‐‑nr5r18e   CTGGAACCGGTACAGGGAGAAGGCCTGATGTG   32  
1.67bppt-­‐‑nr7r18e   TTTGGAAACGTAGCTAAATTTCATACGGGCCA   32  
1.67bppt-­‐‑nr-­‐‑23r19f   TGGGGATCAAAGTCTATCTCTCACGTTTCGCC   32  
1.67bppt-­‐‑nr-­‐‑21r19f   CGCGAAGATTTTCCGTGAGAGCTATTCCCGTG   32  
1.67bppt-­‐‑nr-­‐‑19r19f   CCCCGGTAATTTAAGTTTGATCCGCGGGATAT   32  
1.67bppt-­‐‑nr-­‐‑17r19f   TTCTGGCCACCGCCCAACTGCTGGCCGCAGAT   32  
1.67bppt-­‐‑nr-­‐‑15r19f   CGCAGTGATTTTACGGGATTTTTTAGATCCGC   32  
1.67bppt-­‐‑nr-­‐‑13r19f   GGGGGCACCCTTCATCACTAAAGGGCCGCCGT   32  
1.67bppt-­‐‑nr-­‐‑11r19f   CGGCATCTCCGGAACGGCAATCAGGACGAAGA   32  
1.67bppt-­‐‑nr-­‐‑9r19f   ACACCAGTCAGCGACGAGACGAAAGATGCAGG   32  
1.67bppt-­‐‑nr-­‐‑7r19f   AGAAACCTCGTTATGAGGATGTGCAATACACC   32  
1.67bppt-­‐‑nr-­‐‑5r19f   ACAGTGACCCACGCTGACGTTCTAGTTGAGGT   32  
1.67bppt-­‐‑nr-­‐‑3r19f   GGCGGATTCATTCTTGCGGTTGCTTAACATCA   32  
1.67bppt-­‐‑nr-­‐‑1r19f   CCCGCTGATGGGATGGCACCACCGGCAAGCGT   32  
1.67bppt-­‐‑nr1r19f   TAATGGCGTGGAAACGTTAATCACCCGTAAGC   32  
1.67bppt-­‐‑nr3r19f   ACGACAAAGAGCAAATGATGATTGTGATGGCA   32  
1.67bppt-­‐‑nr5r19f   CATAAAGCTCCCCTGGTTCAGAGCTTGGCGAT   32  
1.67bppt-­‐‑nr7r19f   ACTGGTGAAGAGAACGTTGAATGCATGAACAA   32  
1.67bppt-­‐‑nr9r19f   GCCACGCCTTTTATCTCGGTGGGCGATTCAAAAAAG   36  
1.67bppt-­‐‑nr-­‐‑25r20e   GGACTGGTTTTTTTGCGGCAGAAAACAGCAGATCAC   36  
1.67bppt-­‐‑nr-­‐‑23r20e   CCACGGAGCTCAACTGTGAGGAGGACGCCAGC   32  
1.67bppt-­‐‑nr-­‐‑21r20e   GCGTCTCTACAGGCACGCGTGCTGTACTGACG   32  
1.67bppt-­‐‑nr-­‐‑19r20e   GAGCAGAATGACCGTGAAAACGGCACTGTTTC   32  
1.67bppt-­‐‑nr-­‐‑17r20e   TGTACACAGCAGCACCACAGAGTGGAGGGCGA   32  
1.67bppt-­‐‑nr-­‐‑15r20e   GCGGCTTTCACTGCGCTGGATCGTTGCACTGG   32  
1.67bppt-­‐‑nr-­‐‑13r20e   AACTTTACCGGCACCGCTGGCTGCAACAGCAC   32  
1.67bppt-­‐‑nr-­‐‑11r20e   CGCGTTTGGATGCCGTTAACGATTCCATTGAT   32  
1.67bppt-­‐‑nr-­‐‑9r20e   GAGGCTGCGTAAGGGATGTTTATGTACCGAGG   32  
1.67bppt-­‐‑nr-­‐‑7r20e   GCACGTTCTTACCCATTACCAGCCTATACCGG   32  
1.67bppt-­‐‑nr-­‐‑5r20e   GACCAGCACCGGCTCATACCGCAACCCGCCAG   32  
1.67bppt-­‐‑nr-­‐‑3r20e   GCCGTTGGGAGTGCGAAAGCGCCTCCGGGAGA   32  
1.67bppt-­‐‑nr-­‐‑1r20e   TGGTTGCGTGCTGGACACCTCCAGTGGCTGCT   32  
1.67bppt-­‐‑nr1r20e   TCAGAGCGGTGGCTGGTTCTTTAAGCGCGGAC   32  
1.67bppt-­‐‑nr3r20e   GAAACCATGAAATTCTGGCTAAAGCTCACAAA   32  
1.67bppt-­‐‑nr5r20e   AATCACATAGATGAACTTCCGTTACAGGTAAT   32  
1.67bppt-­‐‑nr7r20e   CGTGGTGCGCAAAGATAAAAAATAAATACGAG   32  
1.67bppt-­‐‑nr-­‐‑23r21f   GATTGTTTCCCGAAAAACTGGGTGGATTCAGT   32  
1.67bppt-­‐‑nr-­‐‑21r21f   GCGGCTCCCAGCGCGAAGGCATTAACCCTGAT   32  
1.67bppt-­‐‑nr-­‐‑19r21f   GTCAAGCCGCACCTATGGCTGCATTAATCATG   32  
1.67bppt-­‐‑nr-­‐‑17r21f   GACCCTGCGGTGCTGGGGAACACTGTGGAGGA   32  
1.67bppt-­‐‑nr-­‐‑15r21f   AGAATCTGGTCAAAAAGAACTTCCTGCCCGTC   32  
1.67bppt-­‐‑nr-­‐‑13r21f   CGCATCATTCGTGTATTCCGGACAACCGTGAT   32  
1.67bppt-­‐‑nr-­‐‑11r21f   GCTGGCCACTATAAGGGGATGTATGAACTGGC   32  
1.67bppt-­‐‑nr-­‐‑9r21f   CAGTTTCTACAGCGGTGAAAGACCGGAGCTTG   32  
1.67bppt-­‐‑nr-­‐‑7r21f   ATGACCGGATACCCGTCGTGGCTCAGGACACC   32  
1.67bppt-­‐‑nr-­‐‑5r21f   GGATATGGCCGTTCCTTCAAAGCCACCGGACA   32  
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1.67bppt-­‐‑nr-­‐‑3r21f   CGCAGTCCATCGTGTTCGATCCGAGCCGGATA   32  
1.67bppt-­‐‑nr-­‐‑1r21f   GACAAGTCACGCGCTGAACGCCAGTGGTCACG   32  
1.67bppt-­‐‑nr1r21f   AGAGATGCATGGTTCATCGCGGATGACGATAT   32  
1.67bppt-­‐‑nr3r21f   GCAAATACGGAAAATGCACGCCATCTGGACTA   32  
1.67bppt-­‐‑nr5r21f   CTGCACGGTACGGTCAGAAAATACCAGAGTAC   32  
1.67bppt-­‐‑nr7r21f   ACTGGATAGAAGTAGCACGCAGACAATAGCAG   32  
1.67bppt-­‐‑nr9r21f   ACCTGCTTTTTTACATGCTCGTTGAAGCGTAAAAAC   36  
1.67bppt-­‐‑nr-­‐‑25r22e   CGATCCGGTTTTAAACATGGCGCTGTACAAATTCCG   36  
1.67bppt-­‐‑nr-­‐‑23r22e   GCCCGTTACCGGTGAGGTTATCCGTCCCTTCA   32  
1.67bppt-­‐‑nr-­‐‑21r22e   CGGACGCAACCTCTGAATTTACGCCTGTTTCT   32  
1.67bppt-­‐‑nr-­‐‑19r22e   CGGTCTGCGAAGCATGAAGTGAATCGGCAAAT   32  
1.67bppt-­‐‑nr-­‐‑17r22e   AACACGATGTCGCCTGCCGGATGATATGTCGA   32  
1.67bppt-­‐‑nr-­‐‑15r22e   AAAACGGCGCGGACCCGGCTTACCCCGCCTGT   32  
1.67bppt-­‐‑nr-­‐‑13r22e   GGCCATCGCATGCAGAACATGCGTCATCGTTT   32  
1.67bppt-­‐‑nr-­‐‑11r22e   GCGGTGTCTTGCTCAGGTCGAAGAAAACGGAC   32  
1.67bppt-­‐‑nr-­‐‑9r22e   AGCTGGAGGCCGTGCTTAAGGGCATCTGGCCG   32  
1.67bppt-­‐‑nr-­‐‑7r22e   GAAGCTGGTGAAGCCTTCGATCCGCAAGTCCG   32  
1.67bppt-­‐‑nr-­‐‑5r22e   GCGCTGTTGCCGCAGTGAGGAGAAGCTGACCA   32  
1.67bppt-­‐‑nr-­‐‑3r22e   TGAATATCGGCGGCACGGAGTGGAACGGTGCT   32  
1.67bppt-­‐‑nr-­‐‑1r22e   CGAAGCCTCACGTATGACCCGACCGGAGTGAA   32  
1.67bppt-­‐‑nr1r22e   ACGTTCTCGCTATTACGAAAAAATATGGCTTA   32  
1.67bppt-­‐‑nr3r22e   TAAAGACGCGAAATATTTGGGTAGTGTACGTG   32  
1.67bppt-­‐‑nr5r22e   AGTCGCGGATGCTACACGAACCTGCTGGAATT   32  
1.67bppt-­‐‑nr7r22e   ATCAGACACGATTGGATTCGACAATGGTTGAT   32  
1.67bppt-­‐‑nr-­‐‑23r23f   CAGCACCGGACACGCTGACCATCGCCGGATGA   32  
1.67bppt-­‐‑nr-­‐‑21r23f   GAGTTCGTGGACTGATGAGGTGCGTGGACGGG   32  
1.67bppt-­‐‑nr-­‐‑19r23f   GCCCTTCGCGTTGAAGGCTCCAGCGCCGCTGA   32  
1.67bppt-­‐‑nr-­‐‑17r23f   GTCCATGAGAAAATATCAGCTATGGTCTTGAG   32  
1.67bppt-­‐‑nr-­‐‑15r23f   TCCGCTCGGTGCGGTGATACGTGGATCAGCAA   32  
1.67bppt-­‐‑nr-­‐‑13r23f   GTCAGCCTGTCAGCCACCATTACAAATGGCCA   32  
1.67bppt-­‐‑nr-­‐‑11r23f   GCTCCGTGGCCGATGAAACGATACTATCGCAG   32  
1.67bppt-­‐‑nr-­‐‑9r23f   ATGACACGTCGATAACCTGTTCGAACAAAGGT   32  
1.67bppt-­‐‑nr-­‐‑7r23f   CCTCTCAGGAATGCAATAACGGGAGGCCAGGC   32  
1.67bppt-­‐‑nr-­‐‑5r23f   TGAAAATGGGCAGCCGAAATGACACGCAGGCC   32  
1.67bppt-­‐‑nr-­‐‑3r23f   CCGTGATTCCGGGAACGGCGTTTCTTGCCCGT   32  
1.67bppt-­‐‑nr-­‐‑1r23f   GTCGTGGCCCACGCGGGATGAACCTGTCCTTT   32  
1.67bppt-­‐‑nr1r23f   CGAATCAACGGGCAGGAAGCAGTAACTGATGC   32  
1.67bppt-­‐‑nr3r23f   TCGAAGAGGTTCCGTATCGCGTCGGGCGAGAC   32  
1.67bppt-­‐‑nr5r23f   CAACAGAATGGTGTGCAACCAGCATCTGCGAA   32  
1.67bppt-­‐‑nr7r23f   AAGTGAGGATTTAATGAACGCAATCGCACCAG   32  
1.67bppt-­‐‑nr9r23f   CATTCCAGTACCGGACAACTGCTGAGAATCTG   32  
1.67bppt-­‐‑nr-­‐‑25r24e   AATTTCTGTTTTCGCGTGAGTTCACCATACCACCGG   36  
1.67bppt-­‐‑nr-­‐‑23r24e   GGCGTGGACTGATGCTGCTGGCTGACGCCTCT   32  
1.67bppt-­‐‑nr-­‐‑21r24e   GTTTGTCCGTCCGTACAACTGGCGTCAGGATG   32  
1.67bppt-­‐‑nr-­‐‑19r24e   GGCGTGCGGGGCCATTGTTTCTCTCAGGCACG   32  
1.67bppt-­‐‑nr-­‐‑17r24e   ATGACCCTCGAAAGATGAACTGATTGCCGGAC   32  
1.67bppt-­‐‑nr-­‐‑15r24e   GCAGTCAGCTGGGTGAACAACTGAGTACGTGG   32  
1.67bppt-­‐‑nr-­‐‑13r24e   ATGGGAACGACGGGGACGAAAGAAGGCGATGT   32  
1.67bppt-­‐‑nr-­‐‑11r24e   TTGCCCGCTGGCAGAGCTGAAAGATGGGCAAA   32  
1.67bppt-­‐‑nr-­‐‑9r24e   GGCTGATTGATGAAACTGCCGGTCTAATTCCG   32  
1.67bppt-­‐‑nr-­‐‑7r24e   CCTGGCCACCGGGAAAATGTGCTGGTCAAGGA   32  
1.67bppt-­‐‑nr-­‐‑5r24e   GCCGGTGTAGGTGGGATCAGCGCAAAGGCTGG   32  
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1.67bppt-­‐‑nr-­‐‑3r24e   TTGTGCTGCTGGATACGTCTGAACCGGTGTGG   32  
1.67bppt-­‐‑nr-­‐‑1r24e   ACTTCACGACTGGTGAAGCTGCATGACGAAAT   32  
1.67bppt-­‐‑nr1r24e   AGCCGCATACCATAACCGCCATCGCGTCAACG   32  
1.67bppt-­‐‑nr3r24e   GAAATCTCTGCAAGGCGATCAAGGGTTGATGA   32  
1.67bppt-­‐‑nr5r24e   GCAATGCGACTCAAAGACCTGCGATGAAATGT   32  
1.67bppt-­‐‑nr7r24e   CAACTCCGCCGCATGACGTTCTCAATACGGAA   32  
1.67bppt-­‐‑nr9r24g   GTGCGGAACGCTCACGTCTGCTCACTCACCTG   32  
1.67bppt-­‐‑nr11r24g   AGAGAAAGAGACCGCGACTTACCACGTGCGAG   32  
1.67bppt-­‐‑nr13r24g   AACAAGCCCAACAAGCCGTAAACGCGAAGTTA   32  
1.67bppt-­‐‑nr15r24g   ACTCGCCTTAAAGCCCCGCAGTTATTTAACGT   32  
1.67bppt-­‐‑nr17r24g   CAGAAACAGAAAGATAAACTTAAGATGTGCTG   32  
1.67bppt-­‐‑nr19r24g   AAGCAGCAGAGAAGAAACGACGACTGCGCAGA   32  
1.67bppt-­‐‑nr21r24g   ACGACGAAGTAAAGAACGCGAAAAGATGCACG   32  
1.67bppt-­‐‑nr23r24g   TCTCCAGAGTGTGGAACCAAGATAGCGCGAAG   32  
1.67bppt-­‐‑nr25r24f   TTGCATTCGCTAATCAGTGGAATGGT   26  
1.67bppt-­‐‑nr-­‐‑23r25f   TGGCGGAAATGAGGCGGATTTTCCACACGGGC   32  
1.67bppt-­‐‑nr-­‐‑21r25f   GCGTACCGGACGTTTTTTGATGGTCAGGCGGA   32  
1.67bppt-­‐‑nr-­‐‑19r25f   AAGGGGGACTGGATGCACTGGAGATGCTCAGG   32  
1.67bppt-­‐‑nr-­‐‑17r25f   CAGGCCGTCGATGAAACATACTGAGGATGGAG   32  
1.67bppt-­‐‑nr-­‐‑15r25f   AACGGCGGCGCTGCAGCATCAACTGATATCCC   32  
1.67bppt-­‐‑nr-­‐‑13r25f   TTAACCGCGCGTGAACGTCTTCCGTATGGTGG   32  
1.67bppt-­‐‑nr-­‐‑11r25f   TCGGCGTCACGGCGTTTAAACAAAACGATGAT   32  
1.67bppt-­‐‑nr-­‐‑9r25f   ACGCCGGATGGTGAAAATCCCGATCTGACTTA   32  
1.67bppt-­‐‑nr-­‐‑7r25f   TGAAAAGGTGTGGCTGGGAAAAACACGCTATG   32  
1.67bppt-­‐‑nr-­‐‑5r25f   AGAATCAACTGAAAAATGGCCGGTGTGAAAGG   32  
1.67bppt-­‐‑nr-­‐‑3r25f   AATCAAGCACCGTCGTATTCCCGGTAAGGGGA   32  
1.67bppt-­‐‑nr-­‐‑1r25f   CGCGCCGCGAAAGGTGGCGGCAGCTTTCAGAC   32  
1.67bppt-­‐‑nr1r25f   TACCGCAGGAACACCAACAGGGGTGGCAGCGT   32  
1.67bppt-­‐‑nr3r25f   AGCGACGATTACTGGAATCGATGGGAAGTTGT   32  
1.67bppt-­‐‑nr5r25f   AACTGCAAAAAGAAGATAACCGCTCGTATTGC   32  
1.67bppt-­‐‑nr7r25f   AAATAAACGCATGATGCGATGTTAGACAGCCA   32  
1.67bppt-­‐‑nr9r25f   ACGTAAAAGGCAGCTTGATTTCGAAAGGATAT   32  
1.67bppt-­‐‑nr11r25f   TGGGATATCTCTTGTTCTGAGTCAGCCATTTA   32  
1.67bppt-­‐‑nr13r25f   GAAAACAAGACATGGTACGAGCTACTCCATAC   32  
1.67bppt-­‐‑nr15r25f   CGAACAAGATTCAGAAAATGATTAAGATTAAA   32  
1.67bppt-­‐‑nr17r25f   GCGCTAACAAGAATGTCGCTGGACTGATGACC   32  
1.67bppt-­‐‑nr19r25f   GAAGTTCACGGGAAACGCCAAAGGCGTGGATT   32  
1.67bppt-­‐‑nr21r25f   ACTGATGATCATCACGGGATCCCACGGCTAAA   32  
1.67bppt-­‐‑nr23r25f   AGGAAGAATGAGGAGGGATTGCAGTGCTGAAC   32  
1.67bppt-­‐‑nr25r25f   ACGATGTATCAACGCAAAAAATCGTCCTCGCA   32  
1.67bppt-­‐‑nr27r25f   TTCACCCTTTTTATCTCGGTAACTGCATTTGCAAAT   36  
1.67bppt-­‐‑nr-­‐‑25r26e   CCGTTTATTTTTGGTAGATCGGGTTTCGGTGAGGAA   36  
1.67bppt-­‐‑nr-­‐‑23r26e   TGTTTTTGGTTGTCATCTCTGGCTGCAGCTGC   32  
1.67bppt-­‐‑nr-­‐‑21r26e   ACCGGGGCCCTGCCGTTAACCGTCCCGTCCCT   32  
1.67bppt-­‐‑nr-­‐‑19r26e   CAGCCGTATGTATGGCCATAAAAGCCGGACAG   32  
1.67bppt-­‐‑nr-­‐‑17r26e   TAATAAAGTGAAAACCTCAGCCGTTGTTTTTG   32  
1.67bppt-­‐‑nr-­‐‑15r26e   GGGCTATGTGCCTGGTGCCGCCGCTCCGGTGA   32  
1.67bppt-­‐‑nr-­‐‑13r26e   CGGATACGGTTGCTTCATCCGCGAGCGGGTAC   32  
1.67bppt-­‐‑nr-­‐‑11r26e   CGCTGACCACAGGTTGCCCGTGAGTGCTGCCA   32  
1.67bppt-­‐‑nr-­‐‑9r26e   CATTGATGAACTGGTAAAGGAAAGGGCGCTGT   32  
1.67bppt-­‐‑nr-­‐‑7r26e   ATGCAGCGGCCACGGTCAAAAATCGAGCGCGG   32  
1.67bppt-­‐‑nr-­‐‑5r26e   TTCAGCAAAGTTAACCGGGGGGATGTGTCTCT   32  
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1.67bppt-­‐‑nr-­‐‑3r26e   GGTGGGTATGGGTAATGCGCGGGTTGTGGCAT   32  
1.67bppt-­‐‑nr-­‐‑1r26e   TCATCCCTAGGCGTCGTAAAAAGGGTTACCAC   32  
1.67bppt-­‐‑nr1r26e   GTGTGAAAGAAAAGGAGGACGTGTAACTGATT   32  
1.67bppt-­‐‑nr3r26e   AATCAACCAGTATCACCGACATAACAAAAGCG   32  
1.67bppt-­‐‑nr5r26e   GTGAATGCATACCTTCCAACGAAAATTCACAA   32  
1.67bppt-­‐‑nr7r26e   GGGAAGCTCCAAGCCAATCCCAAACGGCACCT   32  
1.67bppt-­‐‑nr9r26e   ATTTGGAGACCTTCAACTACACGGGTGGGATGCCGGACAT   40  
1.67bppt-­‐‑nr11r26e   GATACCGGCCGGTGGCTAAGACGTTGTATCTC   32  
1.67bppt-­‐‑nr13r26e   TGTATCAGGGTGATTGACCAAAATCCTTCATC   32  
1.67bppt-­‐‑nr15r26e   GAAAATGTAAAGCGTCGAGCGAGCCTGGATTA   32  
1.67bppt-­‐‑nr17r26e   TACCGAGGTGCGGTCAGAAGCTGCATTCGAAA   32  
1.67bppt-­‐‑nr19r26e   ACGGACATCGTGTGTGAGCACTGCGAGAGGAG   32  
1.67bppt-­‐‑nr21r26e   TAATGAGGGCGATCCGAATAGCTCAGCGGAAA   32  
1.67bppt-­‐‑nr23r26e   TGCAAAGAGATGATGGCTAAACCAGCACTCGA   32  
1.67bppt-­‐‑nr25r26e   TTAAAAAAAAAACGATGAATGCCGGGTGGTGC   32  
1.67bppt-­‐‑nr-­‐‑23r27f   GAAGAGCTGACCGTGACGCCTGCCGCTGACCG   32  
1.67bppt-­‐‑nr-­‐‑21r27f   GCTGCATAGATCGCAGCACGGTAACCGACAAG   32  
1.67bppt-­‐‑nr-­‐‑19r27f   TGCCGGATTCACCAATGTGGGACGAAAACAAA   32  
1.67bppt-­‐‑nr-­‐‑17r27f   TCCCGGATGGCGAAGGAAGTGATCGACCATCA   32  
1.67bppt-­‐‑nr-­‐‑15r27f   GGCACTGTGGCTGGGTCAGCAGTAAGGTCAAC   32  
1.67bppt-­‐‑nr-­‐‑13r27f   CCAGCGGCGCTTCCCGAACGGCACGAGTTTGC   32  
1.67bppt-­‐‑nr-­‐‑11r27f   GCGGGCTTTAATGAAGGCGATACCCGCCAGTT   32  
1.67bppt-­‐‑nr-­‐‑9r27f   TGTCATTAGAGCAGGGGCAGCAGGTGAAAACC   32  
1.67bppt-­‐‑nr-­‐‑7r27f   CCTGTACCATACCAGCTTCACGCTACCGTCAC   32  
1.67bppt-­‐‑nr-­‐‑5r27f   TGCCGGGATGCGACCGGGCAGGGGGCGCATTG   32  
1.67bppt-­‐‑nr-­‐‑3r27f   GCGGTGACAGCTATCTCGATGATGAGGCAGAA   32  
1.67bppt-­‐‑nr-­‐‑1r27f   GTTGACTGCCGGCGAACTGACCGCAAGTTTAC   32  
1.67bppt-­‐‑nr1r27f   CCAATGACTTCATGGATACAGGTTGTTAAAGA   32  
1.67bppt-­‐‑nr3r27f   GAAGTTCTAGCGACGGGCAGGTAAACAGTAAC   32  
1.67bppt-­‐‑nr5r27f   AGGTTGATGTCAGCATATTTGCTCAATGGCAC   32  
1.67bppt-­‐‑nr7r27f   AATGGTTAATAAATGTCGTTAGTTGTAAGGTC   32  
1.67bppt-­‐‑nr9r27f   TCAGACGCTGGAAAGCGAGATGGGGCTACCAG   32  
1.67bppt-­‐‑nr11r27f   TCGATATGAGTGGTCAGACGAAGCCACGAACC   32  
1.67bppt-­‐‑nr13r27f   GTCGGCGGTATACAGGCATTCGGTGTGCCGCG   32  
1.67bppt-­‐‑nr15r27f   ACTCGTTCCGTGTAGGCGAATTTGGGAGTTAA   32  
1.67bppt-­‐‑nr17r27f   ATTTCGGGTTGTGGTAATAGGCCACTAATAAC   32  
1.67bppt-­‐‑nr19r27f   GGCATCAGGGATGTTGTTCCTAACTTTTATTT   32  
1.67bppt-­‐‑nr21r27f   GCCAAAGCAAGTGTGTGTTTACCGACTAACCT   32  
1.67bppt-­‐‑nr23r27f   TGTCAGACGGCATGGTCGCTGGCTAGCAAAAC   32  
1.67bppt-­‐‑nr25r27f   TGGTGGAACTGCTTAGGTGACGTCCTTCCAGA   32  
1.67bppt-­‐‑nr27r27f   ACCGGAACTTTTCGCAGCTTAGACCAAACATTCAGG   36  
1.67bppt-­‐‑nr-­‐‑25r28e   GGTGGTGATTTTCTCACCGGCGCTGAATGGCAGTTG   36  
1.67bppt-­‐‑nr-­‐‑23r28e   ACCGGCATGGACAGCGATACCTGGCGCCCCGC   32  
1.67bppt-­‐‑nr-­‐‑21r28e   TGGCAGAATCGAAGTTTTCCTGCCAGCATGAC   32  
1.67bppt-­‐‑nr-­‐‑19r28e   GGTGAAAGTCAGAGCTGGATGCGTACTCCGTG   32  
1.67bppt-­‐‑nr-­‐‑17r28e   GCGGTGACTTATCCGGTGATGAGCGAGGATGG   32  
1.67bppt-­‐‑nr-­‐‑15r28e   TGTTCCGTCAGATTTGATCACCAGAAAGAGCT   32  
1.67bppt-­‐‑nr-­‐‑13r28e   TAAAATCCTATGACTACCGGCGCGATATTGAG   32  
1.67bppt-­‐‑nr-­‐‑11r28e   GCGTGGTTGTGGAGTTCAGCCGATGGCGGTGC   32  
1.67bppt-­‐‑nr-­‐‑9r28e   TGCCCGGACCTATGAAATGTGAGGCGTTACCC   32  
1.67bppt-­‐‑nr-­‐‑7r28e   TGCCGGAGAAATCCTACAATGCCGGGCATGTC   32  
1.67bppt-­‐‑nr-­‐‑5r28e   GACTGGACCCACCCTGTGGGTTTACGCGTTTA   32  
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1.67bppt-­‐‑nr-­‐‑3r28e   ATGACGACCCTTACGCGAATCCGCGTGCTTGT   32  
1.67bppt-­‐‑nr-­‐‑1r28e   CCTGACGCGTCGCGTCTGGCAAAAGTGAACAT   32  
1.67bppt-­‐‑nr1r28e   ATTACGTTATATCGGTTTGTCAGGTGTCTCCG   32  
1.67bppt-­‐‑nr3r28e   GGAGCAAAGGGATATACCGCTCACTCCGACCA   32  
1.67bppt-­‐‑nr5r28e   GGCAGGACATCAACCCGGAGCTTGTCGGTGCG   32  
1.67bppt-­‐‑nr7r28e   GCTGCATGTACGGTATGGGAACCACTTCGGGA   32  
1.67bppt-­‐‑nr9r28e   CTCTGGAGGAATGCCTGTTCTGAATGCGAAAT   32  
1.67bppt-­‐‑nr11r28e   TGGCGTTAGTAAAGAAATATGGCAAAAGATTC   32  
1.67bppt-­‐‑nr13r28e   TTAGAGCTCGCGTTCTGCACTGACTCAAGCCC   32  
1.67bppt-­‐‑nr15r28e   GCAGGATGCCTTCACCAAATACTGGGTATCGC   32  
1.67bppt-­‐‑nr17r28e   GAATGGCTCGAGGGAATTACACCAAGATTATG   32  
1.67bppt-­‐‑nr19r28e   AAGCAGCAAGCTGATGAACCGAAGTGTGCGTG   32  
1.67bppt-­‐‑nr21r28e   AAAGCTGGCTGGAATCAGATATCTCGTGTTTT   32  
1.67bppt-­‐‑nr23r28e   GGTTGAATTTTGAGAAGGAAGATAGACTTGCC   32  
1.67bppt-­‐‑nr25r28e   CTATGGGCGCAACAACCATTCGATATTCTGCA   32  
1.67bppt-­‐‑nr-­‐‑23r29f   TGGCCTTCTTTTCATGATGTTCTGCGTGCTCA   32  
1.67bppt-­‐‑nr-­‐‑21r29f   AGCTTTCGGCCGACTGGCACCGCTTGCATCCG   32  
1.67bppt-­‐‑nr-­‐‑19r29f   AGCCACCGCCATGCTTGCCGGGATCGCGAGGC   32  
1.67bppt-­‐‑nr-­‐‑17r29f   CCGTGAACGGCGCGTGAGATGGGGGCTGATGC   32  
1.67bppt-­‐‑nr-­‐‑15r29f   ATTCCGGTTTCGACGGTGAGCTGAGTGTCCGC   32  
1.67bppt-­‐‑nr-­‐‑13r29f   TGCGGTTGGGGCCCGCAGAGCCTGATCCCCGC   32  
1.67bppt-­‐‑nr-­‐‑11r29f   AATCCGGATGAATAATGCCCCTGAGGAGGATG   32  
1.67bppt-­‐‑nr-­‐‑9r29f   GAATCATTGTACCGGCTGTCTGGTAAGGGATC   32  
1.67bppt-­‐‑nr-­‐‑7r29f   GCTTTCTGACGGAGGCAATTTCTCACCGGTAG   32  
1.67bppt-­‐‑nr-­‐‑5r29f   AGCATCTCAGATTGAGCAGGAAGTTGGATGCG   32  
1.67bppt-­‐‑nr-­‐‑3r29f   CAGGCGGAGCAGATGCCGTCCATGAGAGTCAG   32  
1.67bppt-­‐‑nr-­‐‑1r29f   TGTGGAAGATGTCCCTGTGGCATATGATGCGA   32  
1.67bppt-­‐‑nr1r29f   GACGTTGCACGCATAATAGCTTCTCGCGTTTC   32  
1.67bppt-­‐‑nr3r29f   CAGCATAACGGGCAAAGAGGCAATGTAACAAG   32  
1.67bppt-­‐‑nr5r29f   GGGCAGGTCTAAGTTCGGACTGAAAAACCAAA   32  
1.67bppt-­‐‑nr7r29f   TGGCGAACACAGGCTCTGGCGAAGGATTTACG   32  
1.67bppt-­‐‑nr9r29f   GGAAGAACCCTGTCATGGGCGGTACGCACAGA   32  
1.67bppt-­‐‑nr11r29f   TGGTTTTTGTGAGGCGATCCCTGATGCGTCGG   32  
1.67bppt-­‐‑nr13r29f   ATGAAACGGCTTGTCCATATGACTTACGACGA   32  
1.67bppt-­‐‑nr15r29f   AAGATGACGATGCGGAATTACGCCGCAGATCA   32  
1.67bppt-­‐‑nr17r29f   AGGCCTGCTGTATCAGAACATGCGTGGCAACT   32  
1.67bppt-­‐‑nr19r29f   GGGGGAGAATCAAACGCGCACTACGACCAGAA   32  
1.67bppt-­‐‑nr21r29f   TTGAAATTCTGTATCCGGATGCGGGTGGGTTC   32  
1.67bppt-­‐‑nr23r29f   GCTATTCAATATGGTTTACGAGTACCACGATG   32  
1.67bppt-­‐‑nr25r29f   CCCAACCACGCCGGACTGCCAAACGTAGCCCG   32  
1.67bppt-­‐‑nr27r29f   AACGCAACTTTTGTTGCATGGTGCCGGGATCACCCG   36  
1.67bppt-­‐‑nr-­‐‑25r30e   GCACTTTTTTTTAAGGGCAGAGCACCACAGCACCTC   36  
1.67bppt-­‐‑nr-­‐‑23r30e   ACCCATTACAGCCGGAGGGCGTAACAGCGGCA   32  
1.67bppt-­‐‑nr-­‐‑21r30e   CGGAGTATTGCGGTGTCTGCGGATTCCGTCGA   32  
1.67bppt-­‐‑nr-­‐‑19r30e   CTGGCGTGTGTCGGTCAGTGGTATACCCGCAC   32  
1.67bppt-­‐‑nr-­‐‑17r30e   CTGAAACTGGCGTTGCTGCAGGCATCGGTAAG   32  
1.67bppt-­‐‑nr-­‐‑15r30e   GGAAAGTGTGTATCCGGTAATGGTGGTCGATG   32  
1.67bppt-­‐‑nr-­‐‑13r30e   AGGACGCCCAGAAATTACCGTCACCGTGCCTA   32  
1.67bppt-­‐‑nr-­‐‑11r30e   GTTTGTGGGAGTCAGCGATGTTCCCGCTGCTG   32  
1.67bppt-­‐‑nr-­‐‑9r30e   AACGTGGTTGAACATAACGGTGTGGGCGTGGA   32  
1.67bppt-­‐‑nr-­‐‑7r30e   CCTGGCCCAACTGTCAGCCCTGCACAGAAATC   32  
1.67bppt-­‐‑nr-­‐‑5r30e   CGTTAAACGCCCTGATGAAACGGCAAGATGCA   32  
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1.67bppt-­‐‑nr-­‐‑3r30e   CAGAAGACGTCAGACAGCAACCGGTGAGTCCT   32  
1.67bppt-­‐‑nr-­‐‑1r30e   TGGTGGCGACGCCATCAGAACCGGGTGCGCCG   32  
1.67bppt-­‐‑nr1r30e   ACCTGGGGCGCGCTAACAGGCGCAAGACGTGC   32  
1.67bppt-­‐‑nr3r30e   GTGTATGAATCAGGCCGCGGCTAATGGCTAAT   32  
1.67bppt-­‐‑nr5r30e   AATCAAAGCTTCTGGTTATCGAAGTCTCCGGT   32  
1.67bppt-­‐‑nr7r30e   AATCGTGCGGTGTATTACCGGTTTGAGACAGG   32  
1.67bppt-­‐‑nr9r30e   AACAACTTGGGAAGGAAAGATGAGGAGACTGG   32  
1.67bppt-­‐‑nr11r30e   TAACCGTGAAGGAGTGTCGCCAGAACAGAGCG   32  
1.67bppt-­‐‑nr13r30e   GCAGATGAGGTATTGGCGGTATATCGGAGCTA   32  
1.67bppt-­‐‑nr15r30e   CGCTTACTCATCTACATTACTGAGGTCAACCA   32  
1.67bppt-­‐‑nr17r30e   TACCAACCTGGTAATCGCAGGCCTCTTGCCGG   32  
1.67bppt-­‐‑nr19r30e   CCGTGGAAGGGAAGTCATGAAAAACAGCATTA   32  
1.67bppt-­‐‑nr21r30e   AGCGAGGCCGATCTCCAGCACATCGGATGCAG   32  
1.67bppt-­‐‑nr23r30e   GCTGGTTGCGCAGTACAGCAAATCTCTCGTCA   32  
1.67bppt-­‐‑nr25r30e   TCCGTTACAACCAATCGTAGTAACACAGGAAG   32  
1.67bppt-­‐‑nr-­‐‑23r31f   GCCTGTTTGTCCTGTCCAGAGCCGAGCGAGTC   32  
1.67bppt-­‐‑nr-­‐‑21r31f   CTGGATTTATCAGGCGGGACTGACGGTAAGCG   32  
1.67bppt-­‐‑nr-­‐‑19r31f   TGACGAAGCGATTTCAACAAAACGGCCAGAGT   32  
1.67bppt-­‐‑nr-­‐‑17r31f   AGAAAGCGTATGCCTGGTATCAGGGGCGTGGA   32  
1.67bppt-­‐‑nr-­‐‑15r31f   TTTGGCCCCCTCGCTGGCGGTGGCCGGGAAGC   32  
1.67bppt-­‐‑nr-­‐‑13r31f   TTCCCCGGCGGTGCGATCACCCTGTGACGGCG   32  
1.67bppt-­‐‑nr-­‐‑11r31f   ACGTAATGGGCGGGATGATCCCCATCGGCGGA   32  
1.67bppt-­‐‑nr-­‐‑9r31f   GCAGGAGGTGCAACAGGGGGGGCAGCAGCGTT   32  
1.67bppt-­‐‑nr-­‐‑7r31f   GCGATCTGTGCAGGCGGGCAAAGTAGGCGGCG   32  
1.67bppt-­‐‑nr-­‐‑5r31f   GCCAGATTCCTGCACAGTTCACCGGATGACCA   32  
1.67bppt-­‐‑nr-­‐‑3r31f   GCGTCATTTCGGGCAGTATAAAGCGGGCACGC   32  
1.67bppt-­‐‑nr-­‐‑1r31f   AAAAAACAGGCGCTGGCTGCACAGCGCGGGCA   32  
1.67bppt-­‐‑nr1r31f   AGTGGACCTGAGCCCGGCCAAACTAGTCGCTG   32  
1.67bppt-­‐‑nr3r31f   CAACAGGCATGCCAGGACAACTTCATCCAGAT   32  
1.67bppt-­‐‑nr5r31f   ACTCGACCCACCGCGACATGTGTGCTATCAAC   32  
1.67bppt-­‐‑nr7r31f   GGGTGGATTCCGCCTGATGCGTGAAAAAATAC   32  
1.67bppt-­‐‑nr9r31f   TGGTTAACAAAACCGAATTTTGCTCCGGACAG   32  
1.67bppt-­‐‑nr11r31f   ATCGCCAAGACATGGTGAAGACTAGATGGTTA   32  
1.67bppt-­‐‑nr13r31f   AAAGCCGCCAGAAGACCTGACCGCTGAGGCTT   32  
1.67bppt-­‐‑nr15r31f   TCAACGGTTGCAATTCAGAGCGGCGACAGTTT   32  
1.67bppt-­‐‑nr17r31f   TTCCCGGCGAAAACGACCTTTCTGAAAACCTA   32  
1.67bppt-­‐‑nr19r31f   CGAAGTGACAGAGAATTCTGGCGAAATCACCG   32  
1.67bppt-­‐‑nr21r31f   TGGCTTTTTATTACAAAAGAAAAAAGTTACCT   32  
1.67bppt-­‐‑nr23r31f   GAACAGGTTATCCCTCAAAACAGGTTAGAACT   32  
1.67bppt-­‐‑nr25r31f   TCGGCAGAGGGATAAAACATCCCTGCAAGGCG   32  
1.67bppt-­‐‑nr27r31f   GGCAGTTTTTTTCCCTCAAAACGAGGGATCTCAGAA   36  
1.67bppt-­‐‑nr-­‐‑25r32e   GCAGGGCTTTTTCCGGGCTGACGTACACCTGGATAT   36  
1.67bppt-­‐‑nr-­‐‑23r32e   GTATGCTGTTCAGCGATCCGGATATTTACAGT   32  
1.67bppt-­‐‑nr-­‐‑21r32e   TTCCGGCACAGTCTGCTGAACCGGGTCATCCA   32  
1.67bppt-­‐‑nr-­‐‑19r32e   ACCCTGTCAGCCTGAAGATGATGTCGACCCGA   32  
1.67bppt-­‐‑nr-­‐‑17r32e   CGCTGGCGGCAGGGCTTGCCGGAGGTTTTGCC   32  
1.67bppt-­‐‑nr-­‐‑15r32e   GGGGGCCAGGACGGGAATGAAGTTTTTCTGCG   32  
1.67bppt-­‐‑nr-­‐‑13r32e   GGGCTTGCATGTGGCGGACATGACACAGACAG   32  
1.67bppt-­‐‑nr-­‐‑11r32e   ACTCCTTCCTGATGACAGTATCAGATGTATGA   32  
1.67bppt-­‐‑nr-­‐‑9r32e   GATCCTGCAGTCCGGTATGGCTGAATGCTGAA   32  
1.67bppt-­‐‑nr-­‐‑7r32e   ACGCAGCTGTCGTTGATTTGAGTCGCTTACCA   32  
1.67bppt-­‐‑nr-­‐‑5r32e   GTATGCTGTGACGAGCAGATGGCCAATGAAGC   32  
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1.67bppt-­‐‑nr-­‐‑3r32e   GATTTCCGTTTCTGGTACGGAAAGACCATCCG   32  
1.67bppt-­‐‑nr-­‐‑1r32e   AGCCGACAGCGGCAGTCGTTGAACCCGCGATA   32  
1.67bppt-­‐‑nr1r32e   TAACGTGCCAACTCGAAATCAACCTATTCATT   32  
1.67bppt-­‐‑nr3r32e   CGCTGGGCAGGCGTGACAGCCAGCAGGAGCAA   32  
1.67bppt-­‐‑nr5r32e   GACGTAACTGACAAACACAGACTGATCGCAGA   32  
1.67bppt-­‐‑nr7r32e   TAACGATACTATGAAAAACATCGCGACCTCTA   32  
1.67bppt-­‐‑nr9r32e   TCAGCCAGTTTGACCGTGAGCAGAACCAGTAA   32  
1.67bppt-­‐‑nr11r32e   GGATGTTTCAACATGCCGGAACAGGCGAGAAT   32  
1.67bppt-­‐‑nr13r32e   GGGGACAGAGGTACAGCAGGTAGCGTAAGGCC   32  
1.67bppt-­‐‑nr15r32e   CCGGATGCGTGTTCAGCCAGTTACGGCCAATG   32  
1.67bppt-­‐‑nr17r32e   ACCAGCCAGAGCCTGGCTAACCGTTGGCTGGT   32  
1.67bppt-­‐‑nr19r32e   TTATTCGTACGAAATCCGTCGCCAAGTCTTAT   32  
1.67bppt-­‐‑nr21r32e   AAAGACACCGGGAAAACGGGATCATTGCCGGA   32  
1.67bppt-­‐‑nr23r32e   GGGATTGCTAACGCAGGAATGCGCGTCAGCGA   32  
1.67bppt-­‐‑nr25r32e   TAAAACGAATCGACCATTTCTGCCAAGAAGCA   32  
1.67bppt-­‐‑nr-­‐‑23r33f   ACTCAGCGTTACAACACGCTGATGGAAAAAGC   32  
1.67bppt-­‐‑nr-­‐‑21r33f   GTGAGGCTGCACTGAAAGACGGGACTGCGGGC   32  
1.67bppt-­‐‑nr-­‐‑19r33f   GTGGCGCGAATATACCGCCCGTCAGCTGCCCT   32  
1.67bppt-­‐‑nr-­‐‑17r33f   GGTGGACAGGCTTACGAACGGCTGGACGCTGG   32  
1.67bppt-­‐‑nr-­‐‑15r33f   TGACCACATCACGGCTGAAATATAAAATCAGC   32  
1.67bppt-­‐‑nr-­‐‑13r33f   ATGGCTCGAAAATGCGCAGCAGCAGCGGAGAG   32  
1.67bppt-­‐‑nr-­‐‑11r33f   GCAGATTGAAAGAAGGCTGAGCAGGGCGCAAC   32  
1.67bppt-­‐‑nr-­‐‑9r33f   CCGGCGATGAAAAGGCCCGTCTTGAATCCCTG   32  
1.67bppt-­‐‑nr-­‐‑7r33f   AACGAGGCATGAAGCGCGGGCGCGGAGTACAA   32  
1.67bppt-­‐‑nr-­‐‑5r33f   GACCCGCCGAATCTGCGCAAGGATCAAGGTTA   32  
1.67bppt-­‐‑nr-­‐‑3r33f   TGGAGACCGAGGCTGCGTATAAGATGGCGCAG   32  
1.67bppt-­‐‑nr-­‐‑1r33f   TTCAAATCCTGATACCGCGCAGGACAACGGGC   32  
1.67bppt-­‐‑nr1r33f   GCGGCAACATTCTCACCAATAAAACTGGATAT   32  
1.67bppt-­‐‑nr3r33f   GGAGTTCTACATGGCTCGATTGGCCATTGATG   32  
1.67bppt-­‐‑nr5r33f   AGGAGTCATGCTGTTCTTGAATGGGACTGCCC   32  
1.67bppt-­‐‑nr7r33f   TCAACTTCAGGGACTGGATTCCAATTCCTGGG   32  
1.67bppt-­‐‑nr9r33f   GAGCGTAAGCGTTGATAAGTCGCATTTCATAA   32  
1.67bppt-­‐‑nr11r33f   CGCCAGACGCTTGGAACTGAGAAGTCAAGCTG   32  
1.67bppt-­‐‑nr13r33f   ATTCGGGCATCGAGAGTGCGTTGCTGTGCTCA   32  
1.67bppt-­‐‑nr15r33f   AAAGTGCTTTCGTGCAAACAAACGGATAAATA   32  
1.67bppt-­‐‑nr17r33f   TGGGTGGACAATTGTTATCTAAGGTTTACCTC   32  
1.67bppt-­‐‑nr19r33f   ATTCTCAAATGGTGTATGCATTTACTAAGGAG   32  
1.67bppt-­‐‑nr21r33f   GTCAAACGCCTGAAAAAGGGCATCTGAAAGAT   32  
1.67bppt-­‐‑nr23r33f   CGTCAGAAGCATAAATAACCCCGCAAGACAGC   32  
1.67bppt-­‐‑nr25r33f   GCATGTTTTAAAGCCCTTCCCGAGCGCGATCA   32  
1.67bppt-­‐‑nr27r33f   TGGTGCATTTTTAAACGCTGATGGAAGCAGATTTTT   36  
1.67bppt-­‐‑nr-­‐‑25r34e   GAAAAAGGTTTTGACGTTTAACCAGACCGGCAGGCG   36  
1.67bppt-­‐‑nr-­‐‑23r34e   CAGGCGGACACTGGTTAAGGCGGGGGCAGATC   32  
1.67bppt-­‐‑nr-­‐‑21r34e   TGAACAAGCAGATTGCGTCCATCACTGGTCCT   32  
1.67bppt-­‐‑nr-­‐‑19r34e   GCTGGAGATTTCTCCTCTGCATCCGCAACTCA   32  
1.67bppt-­‐‑nr-­‐‑17r34e   GCGCAGAAAGGTCGCTGAAGCCTTGACCGGTG   32  
1.67bppt-­‐‑nr-­‐‑15r34e   CCGAAGCGGACCCGACGTCGGGGCCCGATGGT   32  
1.67bppt-­‐‑nr-­‐‑13r34e   ACAGGACACCAGTTCCATAACGTGTGTTCAGG   32  
1.67bppt-­‐‑nr-­‐‑11r34e   GCCGCCCGCGTATGTTGCTCAGTTGGTGAAGG   32  
1.67bppt-­‐‑nr-­‐‑9r34e   ATGATCGTGAAGCCGGGGCATTGCCCGTGGCT   32  
1.67bppt-­‐‑nr-­‐‑7r34e   TGTTAACGCGCAACGAAAGGGTTTACGTGGCC   32  
1.67bppt-­‐‑nr-­‐‑5r34e   GACATCTGGCCTGAAAGAGAACATCGCCATGC   32  
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1.67bppt-­‐‑nr-­‐‑3r34e   TTAAGGCATGGGCAGACAGGACTGAAAGCGGG   32  
1.67bppt-­‐‑nr-­‐‑1r34e   TGGTCGTCCATGTGGGATGCGGTGAACGCCCG   32  
1.67bppt-­‐‑nr1r34e   TTGCTGCGCGAGCGTTCTGAACAATGGTCCGG   32  
1.67bppt-­‐‑nr3r34e   TGACGACGGAGGTCATTACTGGATTGCTGTTC   32  
1.67bppt-­‐‑nr5r34e   ATGCTGCTTTATGACAAATACAGCACGTGACG   32  
1.67bppt-­‐‑nr7r34e   GGTGGAAGGGCAGAGGTAACTTTGGGGTGGGC   32  
1.67bppt-­‐‑nr9r34e   AGCTGTGGTGTGGCAGATCTCGATTCGCACCA   32  
1.67bppt-­‐‑nr11r34e   ATCGCAATTATCAAATATGCTGCTCGCAGAGT   32  
1.67bppt-­‐‑nr13r34e   CTCTACGAGCAGATCTGACCAAGCAGCAAGTG   32  
1.67bppt-­‐‑nr15r34e   ACATATGGGCTTGCCATTCTGCGTTGGTGAAA   32  
1.67bppt-­‐‑nr17r34e   CATTCAATATAAACCAATGGACAGATCCTCTG   32  
1.67bppt-­‐‑nr19r34e   CCACACCTCTTAGCGAGATTACAAAGAAAAGA   32  
1.67bppt-­‐‑nr21r34e   ATTCCAGCGTGCAATGAAGCCAAGGGGACACA   32  
1.67bppt-­‐‑nr23r34e   AAACAACATGAATATTATCAAGCACAAATTGG   32  
1.67bppt-­‐‑nr25r34e   GGAAGAGGGGACCAAATAAAAACAAAATCCCC   32  
1.67bppt-­‐‑nr-­‐‑23r35f   CGAAACAGGGAGTATCGGCAGCGCCGTCAGGC   32  
1.67bppt-­‐‑nr-­‐‑21r35f   GATCGTCATCTGCTTAAGCAGGCAGCGAAATT   32  
1.67bppt-­‐‑nr-­‐‑19r35f   GCTGACGCACCCGTTCCGTGCTGTGGGAACCG   32  
1.67bppt-­‐‑nr-­‐‑17r35f   AGAAGCATTGACCGGCAGTGAGCATTGTTCAC   32  
1.67bppt-­‐‑nr-­‐‑15r35f   CAGCAGCGTGATGGTATTGCACAGGAGGCAAC   32  
1.67bppt-­‐‑nr-­‐‑13r35f   TCAGTTCGTCGCAGGTAAAAAGTGTTACCGGC   32  
1.67bppt-­‐‑nr-­‐‑11r35f   GTCGCCAGGTGAGTGGGAAGAGAGGTTATGTC   32  
1.67bppt-­‐‑nr-­‐‑9r35f   CTGGCGCAGAACTGGATGGCAGGCAGCCGGTC   32  
1.67bppt-­‐‑nr-­‐‑7r35f   ACGCCAGCAAGACCTGGGCGGCTGGAATAACC   32  
1.67bppt-­‐‑nr-­‐‑5r35f   CGTATCAGTGGCGCTGAATAACGTCGAACGGG   32  
1.67bppt-­‐‑nr-­‐‑3r35f   CAGGCGGAGCGCCTGAAGGAACAGGCGGTGTA   32  
1.67bppt-­‐‑nr-­‐‑1r35f   AAAACGGGGACCGGCAGGCAGAACTGATGAAA   32  
1.67bppt-­‐‑nr1r35f   ATGCGGCGTAACTTTGAGAATTTTAAGCCGGG   32  
1.67bppt-­‐‑nr3r35f   CCATTAAATCTGGCGATTGAAGGGATTTATCT   32  
1.67bppt-­‐‑nr5r35f   CATCCCCAATACTAACCGCTTCATTTTTGGTA   32  
1.67bppt-­‐‑nr7r35f   ATAAGCCAGGTACTCATACTCACTTTATGAAT   32  
1.67bppt-­‐‑nr9r35f   ATTGCTTTGAACATCCCTGCCTGACAGGTGAT   32  
1.67bppt-­‐‑nr11r35f   CTCTTGTGTCACCTTTGGTAAAGGGGAAAACA   32  
1.67bppt-­‐‑nr13r35f   TACGTTAACTTTTTTGGTTGTGCTTTCCCTTT   32  
1.67bppt-­‐‑nr15r35f   TCTAACACTTCAACCTCAAGCCAGAAAACCAT   32  
1.67bppt-­‐‑nr17r35f   TGGCGGTGTTGGAGCCTGTTGGTGATGTTATG   32  
1.67bppt-­‐‑nr19r35f   GTTGTATGCGAGAATTAACATTCCTAATTCGA   32  
1.67bppt-­‐‑nr21r35f   TATGCAATATCACCTGGCTCAACACAGCTATG   32  
1.67bppt-­‐‑nr23r35f   TAAAGATCAACTCATCACCCCCAACAGCCAAA   32  
1.67bppt-­‐‑nr25r35f   ACAAGGCCGACCGCTATCCCTGATGATAACTT   32  
1.67bppt-­‐‑nr27r35f   TTAACTATTTTTGTACTGTGGGTTTAGTTGCATGGG   36  
1.67bppt-­‐‑nr-­‐‑25r36e   GGGCTGTTTTTTATTATGAAGCGACGCTGCGGCGGC   36  
1.67bppt-­‐‑nr-­‐‑23r36e   GATTGTCGTCCAGCGTGAAGGTGTAAATCCTG   32  
1.67bppt-­‐‑nr-­‐‑21r36e   ACAGAAATGGAAGACAGTGCTCATGGAAGAAC   32  
1.67bppt-­‐‑nr-­‐‑19r36e   GCAGCTTCTTCAGGCAGAACTCCGCAGACGCC   32  
1.67bppt-­‐‑nr-­‐‑17r36e   GGCGATGCGCCGGAGCAAATGAGACCGAAGAG   32  
1.67bppt-­‐‑nr-­‐‑15r36e   CAGACCTTCCGGGATTTGTGGAAGGAGCGATA   32  
1.67bppt-­‐‑nr-­‐‑13r36e   ACAGTATGCGGTACTGGAGGAGGCCAGACTCA   32  
1.67bppt-­‐‑nr-­‐‑11r36e   CGGCTGGACTGTCTGCACAGGAGACGCTTGAA   32  
1.67bppt-­‐‑nr-­‐‑9r36e   CTTCGCGGTAAAGATGAGACGCTGTTACTGGG   32  
1.67bppt-­‐‑nr-­‐‑7r36e   AGCAGAAATGGCTGCACTTGGCGAGATTATTT   32  
1.67bppt-­‐‑nr-­‐‑5r36e   TAATCCGCGAGCGCCTGAACGCGCAAGCAGAC   32  
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1.67bppt-­‐‑nr-­‐‑3r36e   ACGGAACATAAATTCGCACAGCAGGATGCTGA   32  
1.67bppt-­‐‑nr-­‐‑1r36e   GGCTGACTCCGCCATTGATGCGAATGCAAGCA   32  
1.67bppt-­‐‑nr1r36e   TTCAACGCTTATAAGCATTTAATGGCGACAAG   32  
1.67bppt-­‐‑nr3r36e   TAGATTTCTAAAGCACCAACGCCTGGGGTCGT   32  
1.67bppt-­‐‑nr5r36e   ACGGCTGCTCTTGTCTGCGACAGAAGTTCTCA   32  
1.67bppt-­‐‑nr7r36e   AAAAACAGAGTTCATTTTTCTTTTGATCAGCA   32  
1.67bppt-­‐‑nr9r36e   TCAGGTGAAAGGCGACGTGCGTCCACAGCGGA   32  
1.67bppt-­‐‑nr11r36e   TCTCCGCATTAATGGTTTCTTTTTTTAACAAA   32  
1.67bppt-­‐‑nr13r36e   ATCACTGGATCTATCACCGCAAGGCAACGAGG   32  
1.67bppt-­‐‑nr15r36e   GAATTACCCGTGCGTGTTGACTATAAATACTT   32  
1.67bppt-­‐‑nr17r36e   AGCTTGGCATAATGGTTGCATGTATTTGCATA   32  
1.67bppt-­‐‑nr19r36e   AGGGTCAAGAACAACGCATAACCCAAATTAAA   32  
1.67bppt-­‐‑nr21r36e   ATGCAGAAGCGCTTTGGGCAAACCTCTTACAC   32  
1.67bppt-­‐‑nr23r36e   TGAAGGTATCGGCGTATATCAAAGTAACAAAA   32  
1.67bppt-­‐‑nr25r36e   AAACACCTATTCATGCAGGCCGAAGTTTATGC   32  
1.67bppt-­‐‑nr-­‐‑23r37f   GGTACAGCGGAAACACTGAATGAAGCTCTGGG   32  
1.67bppt-­‐‑nr-­‐‑21r37f   CCATTTTGACAGGTGGTGAACTGAGAGAACGT   32  
1.67bppt-­‐‑nr-­‐‑19r37f   GCGGCAAAATGCTGCGTGTTGAGTGAAAAAGG   32  
1.67bppt-­‐‑nr-­‐‑17r37f   CGTGGTGATGACCTGCGCAAAATGACAGTATC   32  
1.67bppt-­‐‑nr-­‐‑15r37f   CAGCCGGAGACGCCGCCTTATGAGGTTTTGAA   32  
1.67bppt-­‐‑nr-­‐‑13r37f   TGATGCGCGAAGAGCACGGGGGCTCGCCCCAC   32  
1.67bppt-­‐‑nr-­‐‑11r37f   GGTACACCGTGAGGAGGCCACGGTTATGGTCA   32  
1.67bppt-­‐‑nr-­‐‑9r37f   GCAGGCGTGAAAACGTACAGCGTGGTCTGGTC   32  
1.67bppt-­‐‑nr-­‐‑7r37f   ATGTGGTGCAGCGAGCGCCTGCCGGTTTACGC   32  
1.67bppt-­‐‑nr-­‐‑5r37f   CAGATAGGTAAGAAAGGTGCGCTTCGTCAACG   32  
1.67bppt-­‐‑nr-­‐‑3r37f   TGACATGGACCCGGTATGGATGTGAGGAGGTG   32  
1.67bppt-­‐‑nr-­‐‑1r37f   TTCAGACATGGACGATGAAGACCTTGCAGCGA   32  
1.67bppt-­‐‑nr1r37f   ATCTTCAAGTCATCTGCGAGGCTGGCCTGTTC   32  
1.67bppt-­‐‑nr3r37f   TCTGAACCACAAACAAAAAAGATGCAGTCGGC   32  
1.67bppt-­‐‑nr5r37f   AAGAGAAACAGTTCTGGCAAAACCTCAAGGCA   32  
1.67bppt-­‐‑nr7r37f   ATACAAATATCTGTCAGATCGGATCCTGCATA   32  
1.67bppt-­‐‑nr9r37f   GATTATCACTGCTTAATGACATTCATCTCTAT   32  
1.67bppt-­‐‑nr11r37f   GACAGGTTTCATCAGTGGCTCTATTGTAGTGG   32  
1.67bppt-­‐‑nr13r37f   ATTTTTGCCATATGCATAACATCGACGATAAC   32  
1.67bppt-­‐‑nr15r37f   TCTTCATATCTACCTTCACCGTTGACCAGGCA   32  
1.67bppt-­‐‑nr17r37f   TTCTGAGGTTAATATATCGCCAAACTGATAAT   32  
1.67bppt-­‐‑nr19r37f   TGAAGATTCTCCCCTTCAATATCTCTTTTAAA   32  
1.67bppt-­‐‑nr21r37f   CGCCGACCGGCTTAATGACTATATTCTTGCGT   32  
1.67bppt-­‐‑nr23r37f   CGTCTCTTTGGCAACCTTTTTTATTCTCAGCA   32  
1.67bppt-­‐‑nr25r37f   TCCCCACAAAATTGAGGTGACGGGGAGAGATG   32  
1.67bppt-­‐‑nr27r37f   ATCATTGGTTTTGCCTCATCTTTTGCCCTGTTAAAA   36  
1.67bppt-­‐‑nr-­‐‑25r38e   TGCGGAGCTTTTGGTGGCGGCGCATCCGCATTGGCG   36  
1.67bppt-­‐‑nr-­‐‑23r38e   ATCCGGCACATTCAGGCCGCTGCGATGGTGGG   32  
1.67bppt-­‐‑nr-­‐‑21r38e   GAGTTTGACAACCGGAGGATTTACCCATGATG   32  
1.67bppt-­‐‑nr-­‐‑19r38e   GGGTCAGTTATGAGCCAGCGGGGAGAACTGGC   32  
1.67bppt-­‐‑nr-­‐‑17r38e   GATAAAGGGTTTGTCTTCACGAAGAATATGGC   32  
1.67bppt-­‐‑nr-­‐‑15r38e   TTTCTGTGTTGGCGTGGGGAATCTCAGCCACG   32  
1.67bppt-­‐‑nr-­‐‑13r38e   CGTTTCTGGGCTATGCCACCGGCGCGCCACGG   32  
1.67bppt-­‐‑nr-­‐‑11r38e   TGTCCCCCGGGCAGCATGGCAGACCTGAAGTC   32  
1.67bppt-­‐‑nr-­‐‑9r38e   GCCAACCTCCGGGACGTTTGAGCAAAGACCAG   32  
1.67bppt-­‐‑nr-­‐‑7r38e   GCTATTCTATTAACAACGACGGCACATGTCAG   32  
1.67bppt-­‐‑nr-­‐‑5r38e   CCCTTCTGTCCGGCTGCTCTGAAGTATGGCGA   32  
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1.67bppt-­‐‑nr-­‐‑3r38e   AAAGTGAACCCGCAAGGGTGCCCGGGGAAGCC   32  
1.67bppt-­‐‑nr-­‐‑1r38e   TCCGGAGGCAGATGCGTGATGGTGTTCTTAAT   32  
1.67bppt-­‐‑nr1r38e   AATGATTCCTGAAGCTTTAGAGCGCTAAATTC   32  
1.67bppt-­‐‑nr3r38e   CGCCTTCAAGACTCTTGTCATTTGACATCTCG   32  
1.67bppt-­‐‑nr5r38e   CCCGAAAAAGTTTTTCCATCGATTTCTAAGTG   32  
1.67bppt-­‐‑nr7r38e   ATTAAAAAAATTGGAGCCAACCTGACATGAGA   32  
1.67bppt-­‐‑nr9r38e   GCTCTCCAGCCAGCAGAGAATTAATTCTAAGC   32  
1.67bppt-­‐‑nr11r38e   GGTTCCCCTATTGAGCGCTTATCTTACCCATC   32  
1.67bppt-­‐‑nr13r38e   ATGAAATGTGCGGTAAGTCGCATAAATGCAGA   32  
1.67bppt-­‐‑nr15r38e   GCTTGGCTATTCAATCCATTTACTCGGTCATG   32  
1.67bppt-­‐‑nr17r38e   TAAGACCTGGAGTGAAAATTCCCCGTCAGGAA   32  
1.67bppt-­‐‑nr19r38e   TCAAAAAGCTTGCTCAATTGTTATGCCTGCTC   32  
1.67bppt-­‐‑nr21r38e   TAAATTTTAGAACACCTTGCCGATGTCTGGCT   32  
1.67bppt-­‐‑nr23r38e   AATATCCTCAGGCCACTGACTAGCCAGTTTCT   32  
1.67bppt-­‐‑nr25r38e   ATGTCTGAACGGAACAACTCTCATGGTTGTAA   32  
1.67bppt-­‐‑nr-­‐‑23r39f   AAATCGACTATCTCCGGTGAGCCGCTGCAGGC   32  
1.67bppt-­‐‑nr-­‐‑21r39f   TATTTTTTCCGGAGGGGGAAAGATGCTGGTCC   32  
1.67bppt-­‐‑nr-­‐‑19r39f   TGAGCCGGCAGCGGAGTCGTGCGGGGCTGAGT   32  
1.67bppt-­‐‑nr-­‐‑17r39f   AGCCGTATAGCGATTCTGGCGCACCAGAGTGA   32  
1.67bppt-­‐‑nr-­‐‑15r39f   CTGAATGGTTCGCAGTAAATCCCAGGGGACGA   32  
1.67bppt-­‐‑nr-­‐‑13r39f   GCTGACGGAACTTTGGCGGCTTCCATCTCACC   32  
1.67bppt-­‐‑nr-­‐‑11r39f   CCGGGATGTGAGCGGTTGTAAGTTACGGACTG   32  
1.67bppt-­‐‑nr-­‐‑9r39f   GGCGGAACCGATATCACGAAGGATTCATCTGG   32  
1.67bppt-­‐‑nr-­‐‑7r39f   CCGTTTTCGCTGTCGCGGATGAATATCGTGAG   32  
1.67bppt-­‐‑nr-­‐‑5r39f   GAAACAGTATCGCGGTGACGAGTGAATCTCTA   32  
1.67bppt-­‐‑nr-­‐‑3r39f   ATCAGCCGTATCATGCTGGCCAACGCTGTATC   32  
1.67bppt-­‐‑nr-­‐‑1r39f   ACTGAGCGACGGAAACGGATGGCGCGGGCGAT   32  
1.67bppt-­‐‑nr1r39f   ATACCCATATAGACAATAACTACCTGTACTGT   32  
1.67bppt-­‐‑nr3r39f   GCGTTCTGAACAAAGCTCCAAGCTCCAGCACT   32  
1.67bppt-­‐‑nr5r39f   GCAATCAGTTATGCTGGAAAGAAGCTTTCTAC   32  
1.67bppt-­‐‑nr7r39f   TGATGACAGCCGATGGCGATAGTGCGAGAGAA   32  
1.67bppt-­‐‑nr9r39f   GAGCTGAAATGCATATATGAATGATTACCCCA   32  
1.67bppt-­‐‑nr11r39f   CGGAAAAGCTCTGGTCAAATTATACATTGAGC   32  
1.67bppt-­‐‑nr13r39f   GTAAGGAAAAACCCGGCGCTGAGGGCGGCGTG   32  
1.67bppt-­‐‑nr15r39f   TGATTCTGTATGTGTTTTGGGGGCTGTCAGTT   32  
1.67bppt-­‐‑nr17r39f   TAATCCTTTATCTATTTATTTTTCTAGTCCTG   32  
1.67bppt-­‐‑nr19r39f   ACATTCCAGAGAGATCTGAATTGCCATTGGCA   32  
1.67bppt-­‐‑nr21r39f   AGCAATATTATTTTTTGCAGGGGGCCAATGCT   32  
1.67bppt-­‐‑nr23r39f   TTGGTGACAGATGGTTATCTGTATGCCTTCTG   32  
1.67bppt-­‐‑nr25r39f   GCCTTTTTTGTCAACACCGCCAGAGCTTAATT   32  
1.67bppt-­‐‑nr27r39f   TATCTCCGTTTTGATGTGCTCAGTATCAGTCAGTGC   36  
1.67bppt-­‐‑nr-­‐‑25r40e   TTCCGTATTTTTAGTCGGCCAGCGTGGTTGCACCCG   36  
1.67bppt-­‐‑nr-­‐‑23r40e   TGCGTGAACTGACAGAGGTCGGTGTGCAGGAT   32  
1.67bppt-­‐‑nr-­‐‑21r40e   TAAGCACGCTGTAATGAGCAGAACTCAGCGCA   32  
1.67bppt-­‐‑nr-­‐‑19r40e   ATGTGCGCTCACCTGGCAGGGGCGGTCGTCGC   32  
1.67bppt-­‐‑nr-­‐‑17r40e   ACAGAATCCCCATTCAGGGGAGCGTGGCGGCA   32  
1.67bppt-­‐‑nr-­‐‑15r40e   AACAAACTCAAAGGCACCAGTACGGGAAATCC   32  
1.67bppt-­‐‑nr-­‐‑13r40e   ACGTCGGCTTTCTAACCTGTACGGACTGGAGT   32  
1.67bppt-­‐‑nr-­‐‑11r40e   CAAATGCCGCGGAAGATATGCAGAACGCTTTC   32  
1.67bppt-­‐‑nr-­‐‑9r40e   CCAACGTCGGTGGTCCGGCGTAAGGGCTGAAT   32  
1.67bppt-­‐‑nr-­‐‑7r40e   GCGGTCCGTGGATGCGGTGAACTTTGGTGATG   32  
1.67bppt-­‐‑nr-­‐‑5r40e   CTGGACCTTACGCCGATCCGGAGCGCTTCGGT   32  
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1.67bppt-­‐‑nr-­‐‑3r40e   CCGGGACGCTGGCGCATTGAGCAGTCCGCTGG   32  
1.67bppt-­‐‑nr-­‐‑1r40e   CCACGCCGCGGTGAGTGCCTCCTTGATGTCAT   32  
1.67bppt-­‐‑nr1r40e   CTAAGGGCACTCTCTAATCTTGGCGGAATCCC   32  
1.67bppt-­‐‑nr3r40e   CGCAGAAACTTCCGATTAGAAACGAATGGTGT   32  
1.67bppt-­‐‑nr5r40e   GTAGCCGCGATTGCAATCATGGTTGTGGTCGG   32  
1.67bppt-­‐‑nr7r40e   GAGGCAATATGTCGCCCCAAGACCCTTTCCCG   32  
1.67bppt-­‐‑nr9r40e   AAACAAGGAAAGAAACACCAGGAACTGAACGC   32  
1.67bppt-­‐‑nr11r40e   TTCTTGTTGAGATAGCAAATGCTTTCTTTGGT   32  
1.67bppt-­‐‑nr13r40e   GGCAAAGATTATTACTATGTAAACTTCGGCCG   32  
1.67bppt-­‐‑nr15r40e   CAATTGGTTTCCGCATAATTACTCTACAGGTA   32  
1.67bppt-­‐‑nr17r40e   GTGAGTTGAACTTTGCCCACCTGCGTTGCCCC   32  
1.67bppt-­‐‑nr19r40e   TGGTAGGTGTATATCACTTTTCATCCAATGAG   32  
1.67bppt-­‐‑nr21r40e   TATGAATTGCCATCTCTTCAGCTAATCCCTTT   32  
1.67bppt-­‐‑nr23r40e   ATCACCGCCTTGTTCAGAGGCGCTTTAAAAAT   32  
1.67bppt-­‐‑nr25r40e   GGTATTTACTGATAGATAATGTTCGCAGGCTA   32  
1.67bppt-­‐‑nr-­‐‑23r41f   AGAAATGCCCCAGAGTCGCCGGGGGGGGCTGC   32  
1.67bppt-­‐‑nr-­‐‑21r41f   ACAGCCACCTCTGCCTGATGGCGCCGCCGGAG   32  
1.67bppt-­‐‑nr-­‐‑19r41f   GAGGCCGACACGTCCGGGTTAACGCCATTGGG   32  
1.67bppt-­‐‑nr-­‐‑17r41f   TTTGCCGTTATCAGGTACGGATTGTTTTCTCT   32  
1.67bppt-­‐‑nr-­‐‑15r41f   TTCATAAGCGGCGTTTCGTCAGAATGTGGCGC   32  
1.67bppt-­‐‑nr-­‐‑13r41f   GGGCGGCGTGAAGCCATCCGGGCACTCCCCGT   32  
1.67bppt-­‐‑nr-­‐‑11r41f   TTACACACCGCCGCATCGACCTTCCAGAACAC   32  
1.67bppt-­‐‑nr-­‐‑9r41f   CGGGGATTTCTGCCTTTACGGGGAGGTTGCCC   32  
1.67bppt-­‐‑nr-­‐‑7r41f   GATGACTGACTCCCTCTGGCGTCAACGGGGAA   32  
1.67bppt-­‐‑nr-­‐‑5r41f   TCTGGATAGAGGTACACCGACAAATCTCAGGA   32  
1.67bppt-­‐‑nr-­‐‑3r41f   AGGTGCCGCACCATATTCCTGAACCGGTGGTC   32  
1.67bppt-­‐‑nr-­‐‑1r41f   GTGCTGCTCCGCAATTTACTGCGGGCAAAATG   32  
1.67bppt-­‐‑nr1r41f   TTTCAATCTGCGCTCAATACGTTGTCAGTGCC   32  
1.67bppt-­‐‑nr3r41f   GTAAGGTCGCCAGGCTTGCTGTACATCCTGAG   32  
1.67bppt-­‐‑nr5r41f   TCGTGATTTTCTGGCGTCCACTGCCTTCTTCC   32  
1.67bppt-­‐‑nr7r41f   TAGGGCGGACTAGATAAGAGGAATGCGGTAGT   32  
1.67bppt-­‐‑nr9r41f   ACCAACAGATTGAGATAAAGCCAAACATCAGG   32  
1.67bppt-­‐‑nr11r41f   CTGTTTCTCTGAATTAGTTGCCAGCAGCGAGA   32  
1.67bppt-­‐‑nr13r41f   TTTGTGCATATATTATTCCCTATTTACAGTTT   32  
1.67bppt-­‐‑nr15r41f   AGCTTTGGAACAAAACTTTTTCCCCGTTATTC   32  
1.67bppt-­‐‑nr17r41f   AACGAAAAACATTAGTGAGTTGATCTCTGGAG   32  
1.67bppt-­‐‑nr19r41f   GCTAATCCGAAGTATGTGGTTACATGGGTTGG   32  
1.67bppt-­‐‑nr21r41f   TCGTTTCGATGGTTTTGTGCGCAGCTGGCCTG   32  
1.67bppt-­‐‑nr23r41f   CTTTGAATCAGTAATTCAAAACCTTTCCTCAT   32  
1.67bppt-­‐‑nr25r41f   TTTAAGAGACGCATTAAGATGCAACTTGCATT   32  
1.67bppt-­‐‑nr27r41f   GTCCTGCTTTTTAGCGCCAGATATAAGCATTATCAG   36  
1.67bppt-­‐‑nr-­‐‑25r42e   GGTGGCGTTTTTGTCGCCGGAAGACTGGGAGGCTAT   36  
1.67bppt-­‐‑nr-­‐‑23r42e   ATATTGTTAGGGTGAGATTGTGGCATTTCCCC   32  
1.67bppt-­‐‑nr-­‐‑21r42e   ACATGAGACCCGGTGGTCTGCCCTCTTCGTGG   32  
1.67bppt-­‐‑nr-­‐‑19r42e   GACGTCAGCCGGCGGCTGCAGGTGGCCCGGCG   32  
1.67bppt-­‐‑nr-­‐‑17r42e   ACGGCTGGGGTGGCTGGTCTGCCGTGACACAG   32  
1.67bppt-­‐‑nr-­‐‑15r42e   ACAGCTCCTTCCGCTGTGTGCCGCTTTCCATT   32  
1.67bppt-­‐‑nr-­‐‑13r42e   ACGGGGGCCTTTGAGCACGGTGTGCCGCAATA   32  
1.67bppt-­‐‑nr-­‐‑11r42e   GATTTGGTTGTTCCGGGATGCTTAAAATGCAG   32  
1.67bppt-­‐‑nr-­‐‑9r42e   GGCGCGCAGAGATGCCGGACTTTCATGACCAG   32  
1.67bppt-­‐‑nr-­‐‑7r42e   ACGCACACGTGGCGTAACGGCCAGCGGTTATA   32  
1.67bppt-­‐‑nr-­‐‑5r42e   AAACGAGAATCTGGAGGCGACGGGACCTGCAC   32  
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1.67bppt-­‐‑nr-­‐‑3r42e   AGCTGCTGTTGTCAGCGGCACAGCCTGTTTTT   32  
1.67bppt-­‐‑nr-­‐‑1r42e   GAATCACGGTGCTGTTTTGGTTCACAGGTTGC   32  
1.67bppt-­‐‑nr1r42e   CTGATTCTTGTTTGTGGTATTCAGCAACAAAA   32  
1.67bppt-­‐‑nr3r42e   CCGCGTTCTATCGGATTTAGTGCGCAATAACC   32  
1.67bppt-­‐‑nr5r42e   CCTTAATTTCGGTTTGCGATTCAGGGTATCAT   32  
1.67bppt-­‐‑nr7r42e   TCTAAGTATTAACTGGTTTTGCGCACGATGCA   32  
1.67bppt-­‐‑nr9r42e   CATATAATGGGATTTGCTGCTTTCTAGTTGGA   32  
1.67bppt-­‐‑nr11r42e   TTACTGGACTGCGCGACGTTCGCGCCGGGTTA   32  
1.67bppt-­‐‑nr13r42e   GGAAAGCATCCATCTGGATTCTCCGATCGTGA   32  
1.67bppt-­‐‑nr15r42e   GTGTGTTGTGGTGTGTGGCAGTTGAATAAATA   32  
1.67bppt-­‐‑nr17r42e   ATTCCCATCCCCCCGCGATTGGCATATGTTTA   32  
1.67bppt-­‐‑nr19r42e   GAAGGCAGGGAATCGCACTTACGGGCATTGTT   32  
1.67bppt-­‐‑nr21r42e   AGCAATCTTATCACACACCCCAAAGTTTTTTA   32  
1.67bppt-­‐‑nr23r42e   AGTGCGATGCTGCCCTTCTTCAGGGATAATTT   32  
1.67bppt-­‐‑nr25r42e   CTAAGAAACGTCACCTTCATGGTGCCGCCAGT   32  
1.67bppt-­‐‑nr-­‐‑23r43f   CGCCATTGTACCTTCGGTGTACAGGAATCCGT   32  
1.67bppt-­‐‑nr-­‐‑21r43f   CCACCCTTATTACGTCTGCAAACATACAACGT   32  
1.67bppt-­‐‑nr-­‐‑19r43f   GCCGGTGGAAGTGAAATATGACACGACATCAC   32  
1.67bppt-­‐‑nr-­‐‑17r43f   CGGTGCCAATCCTCCGGCTCCGAGGTATCTGG   32  
1.67bppt-­‐‑nr-­‐‑15r43f   AGATGCTGGAGCAGGAGCAGACTCCGCCGCGC   32  
1.67bppt-­‐‑nr-­‐‑13r43f   ATACAGACTATCCGGTGTCACGGTATGACGCC   32  
1.67bppt-­‐‑nr-­‐‑11r43f   CTATTTCTGCCGGTGCTGGACACTGAACAAAA   32  
1.67bppt-­‐‑nr-­‐‑9r43f   AGGGCAATGATGGCTTAAAAAGCGTCATCGAT   32  
1.67bppt-­‐‑nr-­‐‑7r43f   ATGCGCGTCCATCAGCGAAGGGCCGCACTGGT   32  
1.67bppt-­‐‑nr-­‐‑5r43f   GATCAGCAGAAGTCCACGCAGTTGGTTCGGCA   32  
1.67bppt-­‐‑nr-­‐‑3r43f   AGGTTGTGGGGCATACCCCGCGCGATCTGCGC   32  
1.67bppt-­‐‑nr-­‐‑1r43f   TTTTATGTGAGCGTGAGGAATGGGAACTATAA   32  
1.67bppt-­‐‑nr1r43f   ATAGTCCTTTATCAATAGTCGTAGGGTTTTGT   32  
1.67bppt-­‐‑nr3r43f   GATGCTCTTGCATCGCTTGAATTGGGCATATT   32  
1.67bppt-­‐‑nr5r43f   ATATATCAAACCATGCATTCCGATATAACGAA   32  
1.67bppt-­‐‑nr7r43f   AAAGATTGTCTTCCATTACAGGAAGGTATGCG   32  
1.67bppt-­‐‑nr9r43f   CTCGGTGGTTCGTATTGCCCATTTGATAGTCA   32  
1.67bppt-­‐‑nr11r43f   AATCGGATTTTACCAAGTTCTCTGATGTATCG   32  
1.67bppt-­‐‑nr13r43f   GATGAGTAAAAGGCCACTATCAGGCTACCATC   32  
1.67bppt-­‐‑nr15r43f   TCGGACGAGCAGTGTTTATTCTGTATTTCCAT   32  
1.67bppt-­‐‑nr17r43f   AGAACCATCGTGTATTCACTCGTTCACCATAT   32  
1.67bppt-­‐‑nr19r43f   ACTTCTGCCGGCTCCTGTTTAGTTATAAGCAG   32  
1.67bppt-­‐‑nr21r43f   AATATGTTGGCAAAGAAGATTTCCTACAGCAT   32  
1.67bppt-­‐‑nr23r43f   GTGTGGCACTCACAGATAAAAAATGTCGGTAT   32  
1.67bppt-­‐‑nr25r43f   TTCGCTAGGTATTTTTTGATGTTTATCTGGTG   32  
1.67bppt-­‐‑nr27r43f   CTATTGCCTTTTTCTATTGATGCTTTCCATGGTCGA   36  
1.67bppt-­‐‑nr-­‐‑25r44e   GGAAACCATTTTATTCCAGATTGTCCTGCCAAGTCA   36  
1.67bppt-­‐‑nr-­‐‑23r44e   CTGCGCTTCCGGATCATTCTTTACTGTAATTC   32  
1.67bppt-­‐‑nr-­‐‑21r44e   CCCGCACCGCAGCATGGGGGGCAGGCGCAGTT   32  
1.67bppt-­‐‑nr-­‐‑19r44e   GGGTACGGTATGACCGGCATCCTGCCGGGCGG   32  
1.67bppt-­‐‑nr-­‐‑17r44e   GGATTTGAGTATGGTGCTCGGTGGACTGAGCG   32  
1.67bppt-­‐‑nr-­‐‑15r44e   GGGCTGGTGCACCGAAAGCCAGAACTGGCCAC   32  
1.67bppt-­‐‑nr-­‐‑13r44e   TACCAACAAACGGATAACGGTAAGGTGTGAAA   32  
1.67bppt-­‐‑nr-­‐‑11r44e   AACAGTACCCTCACTGGATAACATTTTACAAC   32  
1.67bppt-­‐‑nr-­‐‑9r44e   GTCCGGTGGTTCTGCCTGTTCTGTCCGGGCAT   32  
1.67bppt-­‐‑nr-­‐‑7r44e   GATCGATGGGGGTCACGCGTGGTTTGGCAGCG   32  
1.67bppt-­‐‑nr-­‐‑5r44e   GACAACCTCGGCAGACGAAGGGGAAACTGAGC   32  
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1.67bppt-­‐‑nr-­‐‑3r44e   GCAGTAAGGTGATTGGTCGCTGATCGACGGCG   32  
1.67bppt-­‐‑nr-­‐‑1r44e   CATTTATGGAAACCGCCTGCGGGCTCATACGG   32  
1.67bppt-­‐‑nr1r44e   ATTGATTTGGTATTGTTCCATCACCATGTGCG   32  
1.67bppt-­‐‑nr3r44e   GCATCCATTCGAACTCTTCAAATTATGTTATG   32  
1.67bppt-­‐‑nr5r44e   TCAGGCTTCCTTAAATAGTGGATTCGATTTTC   32  
1.67bppt-­‐‑nr7r44e   ATTTCCCATGCCTGTCTTTTAACCGGCCAATA   32  
1.67bppt-­‐‑nr9r44e   TGCCGTCGTTCTCGTGTACCCCTACTATGATC   32  
1.67bppt-­‐‑nr11r44e   TTGTTCTGAAACTATTACAACCCCGAGGATAT   32  
1.67bppt-­‐‑nr13r44e   CCAAAAATTAGAAATGGATCCACTGATGGAAT   32  
1.67bppt-­‐‑nr15r44e   TACACAGTGTGTTCAGTAATGAACTGAGCTTG   32  
1.67bppt-­‐‑nr17r44e   CATTGCTCGTATATGATCGTTATCTCAAAACA   32  
1.67bppt-­‐‑nr19r44e   GAACAAGTTTTTAAGCCCAGATAACCCTTAAT   32  
1.67bppt-­‐‑nr21r44e   CACTGGAGAATGAGAGAATCGGTATACAGAAG   32  
1.67bppt-­‐‑nr23r44e   TTCATATCTGTTTTCGTCTTTGCTAACGATAA   32  
1.67bppt-­‐‑nr25r44e   TCAATGATCAATTAATGTGCATCGGATTTAAG   32  
1.67bppt-­‐‑nr-­‐‑23r45f   CGGAAGTCATGGCGCGCCGTTCCGATGCCGTT   32  
1.67bppt-­‐‑nr-­‐‑21r45f   AACGGTGGCTATAACCGCAGTAATAACGGCTG   32  
1.67bppt-­‐‑nr-­‐‑19r45f   CATTAAGGGTGCAGGACCGACCGTAGATACGC   32  
1.67bppt-­‐‑nr-­‐‑17r45f   CCTCGGTGTGCCGGTATGGAACGGATGTTACG   32  
1.67bppt-­‐‑nr-­‐‑15r45f   CCGTTTAAGCTCAGCGATTTCTGCAGCCGGGG   32  
1.67bppt-­‐‑nr-­‐‑13r45f   GGACAGCATACCTGACCACACAGCGCTGATTA   32  
1.67bppt-­‐‑nr-­‐‑11r45f   CGCTCTGGGCGGCACGGAGCCGCGCCGTGGAT   32  
1.67bppt-­‐‑nr-­‐‑9r45f   GTGAAACAGTACTGCGACCAGTCACGCCATGT   32  
1.67bppt-­‐‑nr-­‐‑7r45f   CGGCGTGCGTGGATAAATGGGCGCCGATGATG   32  
1.67bppt-­‐‑nr-­‐‑5r45f   GCCAGCAGACGGCATGGGGAAACGGTCGTGTG   32  
1.67bppt-­‐‑nr-­‐‑3r45f   GGGCGTATGTGTCTGTGGGATATGACGCTGAC   32  
1.67bppt-­‐‑nr-­‐‑1r45f   CCCGCAGATTTAAACCGGCATACAATCCTCCG   32  
1.67bppt-­‐‑nr1r45f   GCCAGCAATTCAAGTAAAGATTCGTATCTGGG   32  
1.67bppt-­‐‑nr3r45f   GCATGGTGTTCCATCCGTCACGTAGAACGATG   32  
1.67bppt-­‐‑nr5r45f   AAACGCCTCTCCTGGCTGATTAAGTAAATTTC   32  
1.67bppt-­‐‑nr7r45f   GTAAAACCATAGCCATAAGTGTTTCTGGTTGG   32  
1.67bppt-­‐‑nr9r45f   TATCATCTCAATAAAAGTGGCGATGCGCATCG   32  
1.67bppt-­‐‑nr11r45f   ATATCGGTGTCGACGGCTTCACGATGGCGAAG   32  
1.67bppt-­‐‑nr13r45f   CATTGGAGAGTTTCAGTATTAATAGACAGAAT   32  
1.67bppt-­‐‑nr15r45f   CATTCCAGAAGGGGGTTAGTGAATTCCCAGCC   32  
1.67bppt-­‐‑nr17r45f   GCATTTAACGCGAAATGCCGGGCTCGTTTTAT   32  
1.67bppt-­‐‑nr19r45f   AGCATGTTTGAACTCCTGAAATAGTGGTGAGC   32  
1.67bppt-­‐‑nr21r45f   TTAATACAAGACGATCCTGAATGTGTGTTCTG   32  
1.67bppt-­‐‑nr23r45f   TCAGAGTCGCTGGTAGTGACGCGCCGTCATCA   32  
1.67bppt-­‐‑nr25r45f   AAGTTTTTCAGTTCTGCCTCTTTCCTGGCCCC   32  
1.67bppt-­‐‑nr27r45f   TTTCAATTTTTTTGCTGGGGCAGGCCTTTAGCGATT   36  
1.67bppt-­‐‑nr-­‐‑25r46e   TCAGCGCCTTTTCCTCAAAGGGTGACAGGCACTGGT   36  
1.67bppt-­‐‑nr-­‐‑23r46e   GCCGGATGCGCCTGCTGGTTCAGATCGACCGT   32  
1.67bppt-­‐‑nr-­‐‑21r46e   ACGTGGACCTGGGTGACGGAAAAAGCCGATCA   32  
1.67bppt-­‐‑nr-­‐‑19r46e   TGACGTTCGCAAAACCACCTCGCAACGGTGCT   32  
1.67bppt-­‐‑nr-­‐‑17r46e   GCGCTGTAGTGATGGGTAACCTGCCGCCGGAG   32  
1.67bppt-­‐‑nr-­‐‑15r46e   TGGGATGTTATCCGGATGCGCAGGGGTGTTCC   32  
1.67bppt-­‐‑nr-­‐‑13r46e   GTAATGCGCCACAGACCAGCTGCAGAGGGGAA   32  
1.67bppt-­‐‑nr-­‐‑11r46e   CGGCTTTGTCGTCATACACTGAAATGCTGCTG   32  
1.67bppt-­‐‑nr-­‐‑9r46e   ATCGGCCAGTGCTACCCGAACACGGATTGAAG   32  
1.67bppt-­‐‑nr-­‐‑7r46e   CGGCGGATAGGTGGACTCGGAGCACTGAGTGT   32  
1.67bppt-­‐‑nr-­‐‑5r46e   TCCGCGCTGTGAGCCGTAATTATCAAGCGAAG   32  
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1.67bppt-­‐‑nr-­‐‑3r46e   ATGGCCTGTCTGCAGGTGCCGTCGTAAAGGAA   32  
1.67bppt-­‐‑nr-­‐‑1r46e   ACGGAACGCGCGGCAATACAGCGGGAAGGGCA   32  
1.67bppt-­‐‑nr1r46e   GTGATTCGCAGGCCACCCTGCAATTCCACACC   32  
1.67bppt-­‐‑nr3r46e   TAAGGCGTTGCTCCTTATTTATACTGCAGCTT   32  
1.67bppt-­‐‑nr5r46e   CTTTGGGACGAGTGAAGCGTTATTACATTTCT   32  
1.67bppt-­‐‑nr7r46e   TAGTCTGGGCACTCAGGCGGCCTTATCGACAT   32  
1.67bppt-­‐‑nr9r46e   TTCATCGCGAATCAAATATTCCTGGCAATCAT   32  
1.67bppt-­‐‑nr11r46e   TTATAAGCAATTCTTATTCCTTCGCAGCTTTG   32  
1.67bppt-­‐‑nr13r46e   TTGATCTCGCCATCCTTCCTGACCTATTTATG   32  
1.67bppt-­‐‑nr15r46e   AAACAGGATCGAACTCACACACAAGGAATGAA   32  
1.67bppt-­‐‑nr17r46e   ATATCGCCGTCGCTTGAAATTGCTACGAGCGA   32  
1.67bppt-­‐‑nr19r46e   TTCATGGCGCGCCAGCATGATTAAAATAATCA   32  
1.67bppt-­‐‑nr21r46e   GAGCCTCAGAGCCGTGTTTATTGACGCCCTCA   32  
1.67bppt-­‐‑nr23r46e   GGCGAGCTTGACCAGAAATTATTAGACATCTG   32  
1.67bppt-­‐‑nr25r46e   TCGTCTGCCCTCTGTCATTACGTCAGTCGTAA   32  
1.67bppt-­‐‑nr-­‐‑23r47f   GAGGTGAAAAGGGCGTGAGTTTCCAGTGAGCG   32  
1.67bppt-­‐‑nr-­‐‑21r47f   GGAGACGGTGCTGGCGCGATGGGAGGAAACCA   32  
1.67bppt-­‐‑nr-­‐‑19r47f   AGGCCATTAGAAGTCACTGCAGACTGGGGAAC   32  
1.67bppt-­‐‑nr-­‐‑17r47f   AAGATGGAGTCACGCCGCCAGCGGAATGCGTG   32  
1.67bppt-­‐‑nr-­‐‑15r47f   GCAGGCACTTGACGGCGAACAGAGGGTATCGT   32  
1.67bppt-­‐‑nr-­‐‑13r47f   AAACAGAAAAAAGAGGCCATCGTGCGTCGAGG   32  
1.67bppt-­‐‑nr-­‐‑11r47f   TTCAGCGTTATGCCATCACCGCCGCAGATAAC   32  
1.67bppt-­‐‑nr-­‐‑9r47f   ACCGGGCGGCGTGAGTATCCGTGATGACCCGA   32  
1.67bppt-­‐‑nr-­‐‑7r47f   ACTATGCCGCTGCCGACGCTGCGCCGGAAAAG   32  
1.67bppt-­‐‑nr-­‐‑5r47f   CTGGCGGTGGTGTTGCTGAATACAGAAACCAG   32  
1.67bppt-­‐‑nr-­‐‑3r47f   GCTCGACCGCGTGAAGGTAAAAGTGTACTGGA   32  
1.67bppt-­‐‑nr-­‐‑1r47f   GTACCGCGGGTCAGCGTGGAGGTTCGGGCCAT   32  
1.67bppt-­‐‑nr1r47f   ACCAGCCAGCTGGTTTTCATTGATACGGAAGT   32  
1.67bppt-­‐‑nr3r47f   CCATTCTGATTGTCCTGCTCAAAGTCAGTAAC   32  
1.67bppt-­‐‑nr5r47f   TTTCGTCCTCCTTGCGGTAAATCCCAGGGTTC   32  
1.67bppt-­‐‑nr7r47f   CAACGATCTCCATTCGGTAACGCACCCAGGCC   32  
1.67bppt-­‐‑nr9r47f   CTGGCATCAGTTTTGAATGGTTCGGCCACACC   32  
1.67bppt-­‐‑nr11r47f   AGTGGTGATGCCACGGCCCCGTGAGTGGAAGT   32  
1.67bppt-­‐‑nr13r47f   CCATGCCGCTTTATGACGTAACATTCTTTCCG   32  
1.67bppt-­‐‑nr15r47f   AGCGTTGCTCCGAAGGCCAGACGGTGAACTTC   32  
1.67bppt-­‐‑nr17r47f   ACCTCTGATCGGCTTCATCCTTGTTAATTTGT   32  
1.67bppt-­‐‑nr19r47f   AATGGTTTCTGCAGTGTATGCAGTCAGCTCTC   32  
1.67bppt-­‐‑nr21r47f   CCATGCGCAACCGGAGTGATGTCGATAATGTC   32  
1.67bppt-­‐‑nr23r47f   AACGCACGAGAGTGTTAATCTCCTTCTGCGGC   32  
1.67bppt-­‐‑nr25r47f   GTGGCGTTCGTCATCCCATGTTTTTTTTACTG   32  
1.67bppt-­‐‑nr27r47f   CAAACAGGTTTTGCGAAATATCTGGGAAATGCACGA   36  
1.67bppt-­‐‑nr-­‐‑25r48e   CTGACCGTTTTTCTGAAGGACCGCCATACTACAGCT   36  
1.67bppt-­‐‑nr-­‐‑23r48e   AGGTGGTGCTGGATTGACCCGAACGTGGTGAT   32  
1.67bppt-­‐‑nr-­‐‑21r48e   ATATCAGGCGACAGAGCTTGTTGACGGATAAG   32  
1.67bppt-­‐‑nr-­‐‑19r48e   CTGACCGCGCCCGTTACGGTCGTAGCAGACGC   32  
1.67bppt-­‐‑nr-­‐‑17r48e   TGAATGGTTGCCTTTGGCTGTACCTCGGCGAT   32  
1.67bppt-­‐‑nr-­‐‑15r48e   GGCGCACTACCGCGCCGGGCTGTGGTAAGGCG   32  
1.67bppt-­‐‑nr-­‐‑13r48e   GTGCCGGACTGCTGGAAACGCAGACATCACCT   32  
1.67bppt-­‐‑nr-­‐‑11r48e   ACGGCACGCGGCGCAGAAGGGCTTGTGCCGGA   32  
1.67bppt-­‐‑nr-­‐‑9r48e   GTTCCGCTATGTTATTGAAATCTGTGTATGTC   32  
1.67bppt-­‐‑nr-­‐‑7r48e   GAGCTGAAGGTATCAGCACCGGTGTCTTGGTG   32  
1.67bppt-­‐‑nr-­‐‑5r48e   TTCCTGACGAACAGCCAGACCCGGCTGACCCA   32  
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1.67bppt-­‐‑nr-­‐‑3r48e   CACCGACGGTGAAATCACGCTGCCGCAACAAC   32  
1.67bppt-­‐‑nr-­‐‑1r48e   GGCAATCCCTGATAAGCCTGGTTGGATGCGGG   32  
1.67bppt-­‐‑nr1r48e   ATCAAACTTCAACGCCCACCACCGATTTACGG   32  
1.67bppt-­‐‑nr3r48e   CAGGATTCCTTATCAGGAAAGGCGTATGTCGA   32  
1.67bppt-­‐‑nr5r48e   GATTACGGACGGATTAAGGCCGTAGATCCATT   32  
1.67bppt-­‐‑nr7r48e   TTCATCCAAGTAATGCGATGAACTAGTGAATT   32  
1.67bppt-­‐‑nr9r48e   CCTTCGCGACCTTTAAATGCCGTCAACATCTT   32  
1.67bppt-­‐‑nr11r48e   GATGCGACTCAGTTCCTGTGGGTCTCCATTTT   32  
1.67bppt-­‐‑nr13r48e   AATCATGGACACGTTCAGCCAGCTGCTTTTGC   32  
1.67bppt-­‐‑nr15r48e   CCAGCAAAGAGTGCAGTACTCATTGATTAGGA   32  
1.67bppt-­‐‑nr17r48e   CAATGCGCATCAATATCAACCTGGCTGTGAAA   32  
1.67bppt-­‐‑nr19r48e   CTGACGTTCAACCATGTACCGGATAATAAGCG   32  
1.67bppt-­‐‑nr21r48e   TCATCGTTTCCTGAAACTCAACATCCAGCTCT   32  
1.67bppt-­‐‑nr23r48e   CGATCAGCGGTAATGGATTTTTTGTCTTCACG   32  
1.67bppt-­‐‑nr25r48e   CAATAAGTGCAAATGATCGATGCATTTCCATG   32  
1.67bppt-­‐‑nr-­‐‑23r49f   GCTGGTCAGATGTTTGTGGCGCAGGAAGCGCC   32  
1.67bppt-­‐‑nr-­‐‑21r49f   CATACCGCTTTATTGACCCGGCAAGCGGCAAT   32  
1.67bppt-­‐‑nr-­‐‑19r49f   TACAGGCTGCCAGTTTCTGGTTGCGACGGAAA   32  
1.67bppt-­‐‑nr-­‐‑17r49f   GGGGCAGCCAGCATGGAGGACACGCAGTGGCA   32  
1.67bppt-­‐‑nr-­‐‑15r49f   TCCGGATTGACGGCAAACATTATGTCAGTAAT   32  
1.67bppt-­‐‑nr-­‐‑13r49f   ATTGAGCTCCATGTGGGCTGTCAAATAAACGG   32  
1.67bppt-­‐‑nr-­‐‑11r49f   CGCCACGCAGAGTGGAAGGATGCCCGGGGACA   32  
1.67bppt-­‐‑nr-­‐‑9r49f   CGGTACAGGATAACGCCAGCAGACTTCCGCGC   32  
1.67bppt-­‐‑nr-­‐‑7r49f   CAGATTGCAGGAGCTGCTGGAAAACCGTCAGG   32  
1.67bppt-­‐‑nr-­‐‑5r49f   CACGCGTTCAAAGGCAAGATAACCTGACCATC   32  
1.67bppt-­‐‑nr-­‐‑3r49f   TAGCCGCCAGCGATGATGCGGAAGTTCCGCTG   32  
1.67bppt-­‐‑nr-­‐‑1r49f   GATTATTAAATCGGCATTCGTGGAGTCAGCGG   32  
1.67bppt-­‐‑nr1r49f   TCGTCGCGGGAGAGCAGGCGGTACGTGAACAC   32  
1.67bppt-­‐‑nr3r49f   ATTCACGCCAAGGCCGTTGCCGTCGCTTTTTT   32  
1.67bppt-­‐‑nr5r49f   TGGCGTCGGAAATCCCGGGAGGTACAATGCTG   32  
1.67bppt-­‐‑nr7r49f   AGTGCTTTATGGCCTCGAAACCACGTCATTGA   32  
1.67bppt-­‐‑nr9r49f   GGTGCAAATGTACTGCACCTGGGCAGCACACA   32  
1.67bppt-­‐‑nr11r49f   AGGACATTGTACCAGGCATTTTTTAATGCATT   32  
1.67bppt-­‐‑nr13r49f   GAGCGGGGTCACGCTTCATACGCGCTCATCTG   32  
1.67bppt-­‐‑nr15r49f   TGAAGCGGCATCCCGCTCAATCACCCAGCTTT   32  
1.67bppt-­‐‑nr17r49f   GCCACGCACACGATCTCGTCAAAATGAAATTC   32  
1.67bppt-­‐‑nr19r49f   ACATCGATAGTGCCTCGTCCATTTCACAAACC   32  
1.67bppt-­‐‑nr21r49f   CGGTGTCAATTGCTCCCCAAATACGTGCCATC   32  
1.67bppt-­‐‑nr23r49f   TTTCTGTTCCCGGATATTATCGTGGAAGATGC   32  
1.67bppt-­‐‑nr25r49f   CTTCGGCCTGTAACGGAGTAGACGTTATTTAT   32  
1.67bppt-­‐‑nr27r49f   ATGTCGCGTTTTACAGAAAGGCCGGGAACAGTGGAT   36  
1.67bppt-­‐‑nr-­‐‑25r50e   GATATTCATTTTAACAGCGGACGACGGCTGCTCCGT   36  
1.67bppt-­‐‑nr-­‐‑23r50e   GAAACGCCGCACGGCCCGGACGACCACACCGA   32  
1.67bppt-­‐‑nr-­‐‑21r50e   GTATCGCATTCACGCAACTGGCGCAGCGGGGA   32  
1.67bppt-­‐‑nr-­‐‑19r50e   CAAACTGAGACAGTCCGGGCGGTATGCAGCAC   32  
1.67bppt-­‐‑nr-­‐‑17r50e   ATTGGCCTAGGGCGATCCGGCGTCTGGCACGG   32  
1.67bppt-­‐‑nr-­‐‑15r50e   AGACCAAAGCCGCACCGGCAGCACGATAACGG   32  
1.67bppt-­‐‑nr-­‐‑13r50e   GTGGAATGGACGCCGGGCTATTTTTGCAGCAT   32  
1.67bppt-­‐‑nr-­‐‑11r50e   TTTTCGAACGCATCTTGCCGTTTAGAACGACG   32  
1.67bppt-­‐‑nr-­‐‑9r50e   TGACGGAGTTTGAGTTCTGGTTCTCAGCGACT   32  
1.67bppt-­‐‑nr-­‐‑7r50e   TCTCGGCAGGATATCAGACAGGTTGCGTATGG   32  
1.67bppt-­‐‑nr-­‐‑5r50e   GATTTTTTATCTTGGTACGGCGCTGAGCCGTG   32  
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1.67bppt-­‐‑nr-­‐‑3r50e   GTCGGGCGAGTATCAATATCAAACCAGTCCGT   32  
1.67bppt-­‐‑nr-­‐‑1r50e   CGTTGGCACTTTTATATCCGCAGTGCATACTT   32  
1.67bppt-­‐‑nr1r50e   AACCATCGATAGATGATCGGGGATTCCATGCC   32  
1.67bppt-­‐‑nr3r50e   TTTCAGTTCGGAAGTGAATTCAAAGGCATGTA   32  
1.67bppt-­‐‑nr5r50e   AACTTCATTTCTCGTACTGTTTTCGATCGGAT   32  
1.67bppt-­‐‑nr7r50e   CTGACTTTAGCGTTAACTTCCGGACGGCGGCA   32  
1.67bppt-­‐‑nr9r50e   CCACATGCCCTCAGCAAGCAGGGTTTTCTCTG   32  
1.67bppt-­‐‑nr11r50e   TTGGCAAATTCATGTCAGGCCACTCCGTTTGG   32  
1.67bppt-­‐‑nr13r50e   GCAGGCCTTTTTGCTATCACGTTGGCACACTG   32  
1.67bppt-­‐‑nr15r50e   GTACTTTTTGATGACGCCGAGCCGCATAGATA   32  
1.67bppt-­‐‑nr17r50e   AACTCCGGTCATCCCCCTGTTCGAATTTTCGA   32  
1.67bppt-­‐‑nr19r50e   TTTCAGCCCCCGGTACGCTGCAGGCGTTCCGG   32  
1.67bppt-­‐‑nr21r50e   TCATCGCCTGCTGCCACCTTCTGCGCATGGTT   32  
1.67bppt-­‐‑nr23r50e   TGCGCCTATCAGGAATCCAAGAGCATCCAGGG   32  
1.67bppt-­‐‑nr25r50e   CCTCGCTTTGTGTCAGTTCTGACGCAGAGCGG   32  
1.67bppt-­‐‑nr-­‐‑23r51f   TGACGGCCGGTACGTTTACGGTGGTCGTTGTC   32  
1.67bppt-­‐‑nr-­‐‑21r51f   CCTCCGGCCAGTCACTCCGGCCCGTCTGAAAG   32  
1.67bppt-­‐‑nr-­‐‑19r51f   GCTGACCGTGCCGTTGCTGTCTTTAGCTGACG   32  
1.67bppt-­‐‑nr-­‐‑17r51f   GTGTGAATAGTGAGAGGTGAACGACTGGGGTT   32  
1.67bppt-­‐‑nr-­‐‑15r51f   GTGACGATTTCGTCCGGGAACGGGAGTGATGA   32  
1.67bppt-­‐‑nr-­‐‑13r51f   TACGCTGAGGCATCAGCGTGGTCTAGAGCCTG   32  
1.67bppt-­‐‑nr-­‐‑11r51f   TTGTAAAGTGCAGGTTATGGTGATGCCGGACC   32  
1.67bppt-­‐‑nr-­‐‑9r51f   CAGCGTGAAGATATTCCGCCGTATCAGTGCGT   32  
1.67bppt-­‐‑nr-­‐‑7r51f   TACCCGTAACGTTCACGCTTACGTGTCGGTGG   32  
1.67bppt-­‐‑nr-­‐‑5r51f   CTTTTGATACATGCCAGCGGGTCGAAGACGGA   32  
1.67bppt-­‐‑nr-­‐‑3r51f   ACGTTTCGCGAGGCGGTACAGGTGGACGACCA   32  
1.67bppt-­‐‑nr-­‐‑1r51f   CAGGACAAAACGGTGCGGTGATTTGGCATACC   32  
1.67bppt-­‐‑nr1r51f   TTTTTATCACGCTACGGCAAATGTTCTGAAAG   32  
1.67bppt-­‐‑nr3r51f   TGATTTCATCAGCGTTACCGTTTCACTCTTCC   32  
1.67bppt-­‐‑nr5r51f   CGAAGGGCTGCCAGGCTTAAATGAACAGGAGT   32  
1.67bppt-­‐‑nr7r51f   ACAAGTCCCGTTCCTTAAAGACGCAAACTGGT   32  
1.67bppt-­‐‑nr9r51f   GAATATGAAGCTCCCTGATGATTTTTTCCAGT   32  
1.67bppt-­‐‑nr11r51f   CCGTGGTTGGGTGAATGCGAATAAGAGATAAC   32  
1.67bppt-­‐‑nr13r51f   CTTCTGCTTTAATCCCTGAACTGTGTTGAGTT   32  
1.67bppt-­‐‑nr15r51f   TGTGAAAGGATGCTGAATCAATGACACGCAGT   32  
1.67bppt-­‐‑nr17r51f   TTCGTCTGTTGCTGTGTTGCGCTGTCGTTCTC   32  
1.67bppt-­‐‑nr19r51f   TGATTCCATATAGCCTGGTGGTTCCTGGTTTC   32  
1.67bppt-­‐‑nr21r51f   TCGATACTGGATCGCCACACTCACGCACAATC   32  
1.67bppt-­‐‑nr23r51f   TTTGTGCACCTGAACGACCAGGCGAGGTCTGC   32  
1.67bppt-­‐‑nr25r51f   CTCCTCAGATCCTCCTGGCAACTTTGCCTGCT   32  
1.67bppt-­‐‑nr27r51f   TTCGGATATTTTTTCGAACCTCTCTGTTAGTTAATT   36  
1.67bppt-­‐‑nr-­‐‑25r52e   CAAGTGAATTTTTGAACGACGTGTTCCTGGCAACCA   36  
1.67bppt-­‐‑nr-­‐‑23r52e   GTGGACATCCCACCATTACCAGCGACGGGAAT   32  
1.67bppt-­‐‑nr-­‐‑21r52e   TGCGGTGACTTTTCCCTGACACCGCGCCAATC   32  
1.67bppt-­‐‑nr-­‐‑19r52e   GTGTGTATCTAAAAATGCGGATATGAGGAAGG   32  
1.67bppt-­‐‑nr-­‐‑17r52e   TATAAAACGCGAACTCCGGGACGCTCGCGGGT   32  
1.67bppt-­‐‑nr-­‐‑15r52e   TACAGAGGAGCTGAAAACTGTACGAATTGAGC   32  
1.67bppt-­‐‑nr-­‐‑13r52e   AGGCGCTGGGGCGGAAAAAATCGTAGTGATAA   32  
1.67bppt-­‐‑nr-­‐‑11r52e   CAGCGATGGCGGCGAGCGCGGCTTTGGAGGAG   32  
1.67bppt-­‐‑nr-­‐‑9r52e   CATTCGGCAAGCAGTGTGGACTGGAGTCGAGC   32  
1.67bppt-­‐‑nr-­‐‑7r52e   TGATCCTGCTGTCACCGTGACCGAGAATCCCA   32  
1.67bppt-­‐‑nr-­‐‑5r52e   TATTGTTGCGCCAGATAGTGGTGCGTTACCTG   32  
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1.67bppt-­‐‑nr-­‐‑3r52e   GCGGCGAACGGAAGTAAGCGTACTGGCCGTCG   32  
1.67bppt-­‐‑nr-­‐‑1r52e   TACTGATGCGTATTCGATGTGTTACATCGACG   32  
1.67bppt-­‐‑nr1r52e   TCTTCAGTCGGAAACTGCTGTCTGACTGCATA   32  
1.67bppt-­‐‑nr3r52e   GAATCCCAGAATTAGCCTGACGGGAACGGGCA   32  
1.67bppt-­‐‑nr5r52e   ATGCCGATGTTTTCCTGCTGAGGTCGAGCCGG   32  
1.67bppt-­‐‑nr7r52e   ATGTTCATCATGTCGGCAAGCATACATGTAAG   32  
1.67bppt-­‐‑nr9r52e   GAGCCTGTAGCCCGCTGCCAGAAACGCGTCAC   32  
1.67bppt-­‐‑nr11r52e   ACGCTTGAGTCATACCTGGTTTCTGGTCATAG   32  
1.67bppt-­‐‑nr13r52e   ATCTTTCATTCGCCACCATCATTTGACATAAT   32  
1.67bppt-­‐‑nr15r52e   CTATTTCTGGATGCGGCTAACGTACTCGCCAT   32  
1.67bppt-­‐‑nr17r52e   CATTTTTATTTCTACTGGTATTGGTTTCGATG   32  
1.67bppt-­‐‑nr19r52e   GTGGCAGAATTTGAGCAAGGCTATAAAACCAA   32  
1.67bppt-­‐‑nr21r52e   CATCTATCCGTTCTTAACTCAACAAGGATGCG   32  
1.67bppt-­‐‑nr23r52e   CCGACAACTACAGCCCCTCGTTTAAAAGTGAT   32  
1.67bppt-­‐‑nr25r52e   AGTTCCAGCCAGCCGCTGTGCTTTATACCCAG   32  
1.67bppt-­‐‑nr-­‐‑23r53f   GGGCGGGGGTTTTCCACCATCGCAAACCGGGG   32  
1.67bppt-­‐‑nr-­‐‑21r53f   GGATTAACCGGTCAGTACAGTGTCATGACGGA   32  
1.67bppt-­‐‑nr-­‐‑19r53f   GACAGTGTGAAGCCGGGCGTTACAGCGTCGTC   32  
1.67bppt-­‐‑nr-­‐‑17r53f   CGCCGCGTTGGTGAACACGGTGGGCGCGTAAC   32  
1.67bppt-­‐‑nr-­‐‑15r53f   CCGGGGAGGCTGAAAGCCAGACGTGCAGACGC   32  
1.67bppt-­‐‑nr-­‐‑13r53f   CGTGGACGACAGGAAAACCGGTACTGCATCAG   32  
1.67bppt-­‐‑nr-­‐‑11r53f   GGTTTTACCAGTAAAGATTTCAGGCTGATGCA   32  
1.67bppt-­‐‑nr-­‐‑9r53f   ACGCCATGAACCGGTGGGCTTTTTACGTCCGC   32  
1.67bppt-­‐‑nr-­‐‑7r53f   TCCGGCAGCCAGGTAACACAGTGTGGAAGCGT   32  
1.67bppt-­‐‑nr-­‐‑5r53f   AATCACTCCATCGTTGGGGTCGGTCAAAGGCC   32  
1.67bppt-­‐‑nr-­‐‑3r53f   CTGCCAGGTCCGGCAGTGGCGACTGCCGCAGA   32  
1.67bppt-­‐‑nr-­‐‑1r53f   TCAGTGGCCGTCCGTCGTTGTTGACAGTGCCG   32  
1.67bppt-­‐‑nr1r53f   CTTGTTCGTGATGTCGATAGTTACCAGATTAA   32  
1.67bppt-­‐‑nr3r53f   AGGTCACCTTGACCTCCAACCCCGGTTCTTTC   32  
1.67bppt-­‐‑nr5r53f   CTTCCCAGATATGCAGATACTCACACGTCTGC   32  
1.67bppt-­‐‑nr7r53f   TTCCGTCTCTCCTTTGATGCGAATCCAGTGGT   32  
1.67bppt-­‐‑nr9r53f   TTAGCAATCAAGCGTTATCTTTTACTTCGATA   32  
1.67bppt-­‐‑nr11r53f   ACCTTCGTCTGTGAAGACGACGCGCATTCTCC   32  
1.67bppt-­‐‑nr13r53f   TTGATTTTGTCATCATCTGACACTTCTCCATA   32  
1.67bppt-­‐‑nr15r53f   TTCCCTACTAAGATAATACTCAACCAGATAAA   32  
1.67bppt-­‐‑nr17r53f   CTGGTCGCACGGTATCAGCAATGTTGTTATGT   32  
1.67bppt-­‐‑nr19r53f   TTTCCCGTAAACTCCTTGCAATGTGTTTTGTA   32  
1.67bppt-­‐‑nr21r53f   GATGGTGTGCTCAGACTCTAACTCCCGTACTC   32  
1.67bppt-­‐‑nr23r53f   GTCAAATCTCTGCACAACATTGATAGTCATTT   32  
1.67bppt-­‐‑nr25r53f   CTGCCGCTTCGTGATGTCTGCATGTGTCTTCA   32  
1.67bppt-­‐‑nr27r53f   TCGCTCACTTTTCTATATCTATACCTTCTATTTGTA   36  
1.67bppt-­‐‑nr-­‐‑25r54e   CCATCACCTTTTACCGGGTACATTGCCGGCTATTTT   36  
1.67bppt-­‐‑nr-­‐‑23r54e   GGTTGACGATACCGGTGTGAGTCATGCGGAAG   32  
1.67bppt-­‐‑nr-­‐‑21r54e   GTGGAGTAGTGAAGTACCGTTATGGCCGCACT   32  
1.67bppt-­‐‑nr-­‐‑19r54e   ATCCGGATGGGGGTGATGGCTTCCTGCGTAAT   32  
1.67bppt-­‐‑nr-­‐‑17r54e   CACGGTGGCGAAAAAGAGCAGCACCGTTTTAT   32  
1.67bppt-­‐‑nr-­‐‑15r54e   ACCATTCAGATACGTTTCACTATGGAGTGTGT   32  
1.67bppt-­‐‑nr-­‐‑13r54e   AAGACGGCTTATGTGAGCGTGATGTAAGAAAC   32  
1.67bppt-­‐‑nr-­‐‑11r54e   GAATATGGAAATCAGTAAGCAGGTACGTTTGC   32  
1.67bppt-­‐‑nr-­‐‑9r54e   CCCGCCGGGCCGGAGTGGCTCACACCACACGG   32  
1.67bppt-­‐‑nr-­‐‑7r54e   CTGATTAGTACAATGGATTACCGTGGGAAACG   32  
1.67bppt-­‐‑nr-­‐‑5r54e   GACGGATTCCGGGTATATGAAAGATTCTCCCG   32  
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1.67bppt-­‐‑nr-­‐‑3r54e   ATGAAGGCGACGAAAGTGCAATGCATGATGGC   32  
1.67bppt-­‐‑nr-­‐‑1r54e   TCCGGCAGGTGGAGTGCAGGTATATAACGGGT   32  
1.67bppt-­‐‑nr1r54e   ATGCGTAAATTAACTGCCGCAGAAGCGGTGCT   32  
1.67bppt-­‐‑nr3r54e   TGAACCCAAGTGCAGTGCTTGATAGTCGGTGT   32  
1.67bppt-­‐‑nr5r54e   CAGACATCGATGGCGAACAACAAGCGTTTAAC   32  
1.67bppt-­‐‑nr7r54e   ATCTCACTTCACGGACTTCGTTGCTGCTTTTC   32  
1.67bppt-­‐‑nr9r54e   CATTTTCAACGCTTACTCCCATCCTAAAAAAG   32  
1.67bppt-­‐‑nr11r54e   TGGCATCGAATACTCACGCTGCTCTGGTTAAT   32  
1.67bppt-­‐‑nr13r54e   TGAGTACGGCTGTTTCAAGCTCAATGTCTGCC   32  
1.67bppt-­‐‑nr15r54e   AGAAACAGTGTTAGCGCAATATCCTAATTCTT   32  
1.67bppt-­‐‑nr17r54e   TCAGCTAAGGCGTTTGATGTATTGAGGCGGCG   32  
1.67bppt-­‐‑nr19r54e   TCATTTATTCATCCAGCAGTTCCAAACAATGA   32  
1.67bppt-­‐‑nr21r54e   ATCTTTTTTACCAATTCATGGAAATCTTCGTT   32  
1.67bppt-­‐‑nr23r54e   ACACCGGACCCAGTCGTCATGCATGCACAAGT   32  
1.67bppt-­‐‑nr25r54e   AAACACCTTCACGCAGTGCCTGAGTACTGATA   32  
1.67bppt-­‐‑nr-­‐‑23r55f   ACGCTGAAGCGGCAATACGTGCAATCAGCTGT   32  
1.67bppt-­‐‑nr-­‐‑21r55f   GGATGATGCAGCATCGCAGAGCAAGAGAAAGG   32  
1.67bppt-­‐‑nr-­‐‑19r55f   TTGAACTGGAAGGCGACAGAGGCTCCAACAGC   32  
1.67bppt-­‐‑nr-­‐‑17r55f   GCGTCCGTGCGGCGGCGGGGAGTGCCAAAGGC   32  
1.67bppt-­‐‑nr-­‐‑15r55f   GAAGAAATGGAGCGCCTCTGCCGCGAACAGAA   32  
1.67bppt-­‐‑nr-­‐‑13r55f   CTGCTCAGGAATGCCAGGTCATCTGACCGGAA   32  
1.67bppt-­‐‑nr-­‐‑11r55f   ACTGACTCAATTCTGCCAGGGCGGGGGGAACA   32  
1.67bppt-­‐‑nr-­‐‑9r55f   CGGACAGGGTCGTGCAGCTTCCTCGCTTTTGT   32  
1.67bppt-­‐‑nr-­‐‑7r55f   CCTCCGGCATCATCAGAAACGAACCGACGCGT   32  
1.67bppt-­‐‑nr-­‐‑5r55f   ACTGAAGCCGAGATGCGGTGGCCTATGAACTG   32  
1.67bppt-­‐‑nr-­‐‑3r55f   GTCCTCAACCACGAAAGCGTCAGAGATTTTGC   32  
1.67bppt-­‐‑nr-­‐‑1r55f   GTGCGGCGACAATCAGCCGCCACGGGGTAAAC   32  
1.67bppt-­‐‑nr1r55f   AAAACCGCAGTCTCCGCAATTACAATGCTGCA   32  
1.67bppt-­‐‑nr3r55f   AGTTCTTCGTTCCACTCCTGAAGTCAGTTCCA   32  
1.67bppt-­‐‑nr5r55f   ATGTGCTAGTTTCAAGGCTTCTTGATGATTCT   32  
1.67bppt-­‐‑nr7r55f   CGTAGCAGATATCCTGCATTCCCGTCGTCAGC   32  
1.67bppt-­‐‑nr9r55f   ACTCTGTTATACTCTCTTCCATCCTGATTTTG   32  
1.67bppt-­‐‑nr11r55f   TGTGACTCAAGTCAACCTTTACCGTTGTTGTT   32  
1.67bppt-­‐‑nr13r55f   AAACAAAATCTTCAAAAGGCCACCCGGAATGC   32  
1.67bppt-­‐‑nr15r55f   ATAAATCCTCATGACTTCGCCTTCCTTGGCTG   32  
1.67bppt-­‐‑nr17r55f   AATATTGGTTATATAAAGGTTAGGATCCATTG   32  
1.67bppt-­‐‑nr19r55f   CAGAGAGGTGGGTCCCTGTAGCAGGTGATGTC   32  
1.67bppt-­‐‑nr21r55f   GTGATAATTCTCTGCCTAATCCAACCTCCTTA   32  
1.67bppt-­‐‑nr23r55f   CTCGCACACCTGTATAGCTTCAGTTTATGAGT   32  
1.67bppt-­‐‑nr25r55f   TTAGACTTGTGTTTGTGTCCTGAAGCCAGGAT   32  
1.67bppt-­‐‑nr27r55f   TGCCGACTTTTTTTATCACTGTTGATTCATGTAACG   36  
1.67bppt-­‐‑nr-­‐‑25r56e   GCAAAACGTTTTGTGTATGAAGATTCACCGCCGGGA   36  
1.67bppt-­‐‑nr-­‐‑23r56e   CAGAAGCGTGATTTTCTCTGTGCCATCCTGCA   32  
1.67bppt-­‐‑nr-­‐‑21r56e   TGCGGTATCCCGGCCGGAGGTGCTGCATGGAT   32  
1.67bppt-­‐‑nr-­‐‑19r56e   GCATCCACATGGTGGAAGAGGTGGCTCAGAGA   32  
1.67bppt-­‐‑nr-­‐‑17r56e   CAAAAACAGGTGGCACAGAGTACGAACAGCAC   32  
1.67bppt-­‐‑nr-­‐‑15r56e   AGCGGAACCAGCCGGCGATGCCAGAGAACTGC   32  
1.67bppt-­‐‑nr-­‐‑13r56e   TCCGAGACGTCGCGGCCCTTGTGAAGTCCTGA   32  
1.67bppt-­‐‑nr-­‐‑11r56e   CGGCAGAAAGCACGCGCCGCCAGCTGTGGGGT   32  
1.67bppt-­‐‑nr-­‐‑9r56e   AAGTGCCGCTGCATCGTCAGCTCATATGACAG   32  
1.67bppt-­‐‑nr-­‐‑7r56e   GCAGCAAAGCAGAAGCGGCATCAGTATAAATT   32  
1.67bppt-­‐‑nr-­‐‑5r56e   CTTCAGCAGGAAAAAAGTGCCGCAGGCGTACT   32  
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1.67bppt-­‐‑nr-­‐‑3r56e   CACCGCGGAAAACGCGGCGGCCACTATTGCTT   32  
1.67bppt-­‐‑nr-­‐‑1r56e   GCGTCACAAAAACGTCAGAAACGACGCAAGAA   32  
1.67bppt-­‐‑nr1r56e   CATCGCAACATCAGGCGGCTTGGTTAATAGCG   32  
1.67bppt-­‐‑nr3r56e   TGGCGTGCAATTCGAATATTGGTTCTGCATCC   32  
1.67bppt-­‐‑nr5r56e   GACGAACTTCTGCGCCCATATCATGCCAGCGT   32  
1.67bppt-­‐‑nr7r56e   AGGTGGGATCGTTGATGTTCTCCGCAAAACCG   32  
1.67bppt-­‐‑nr9r56e   TGGAACAGGAATGGCTCTCCATTCAAATTCAG   32  
1.67bppt-­‐‑nr11r56e   GTCGATTTGGAAGTGCATTTATCAACAGACTC   32  
1.67bppt-­‐‑nr13r56e   TCTGATCCCCCGCCGTAGCGAGTTCCGATGTT   32  
1.67bppt-­‐‑nr15r56e   CCCGGCGCCCGCGAGTGCGAGGATTTATGTAA   32  
1.67bppt-­‐‑nr17r56e   ATTGTTTCGTTTAATCATCTATATATGTCGTT   32  
1.67bppt-­‐‑nr19r56e   CCCGTCCTGCAAGTATCGTTTCCAATTGATAC   32  
1.67bppt-­‐‑nr21r56e   TTCGCCTGAATTTTGCACGGTATCAACGCCCA   32  
1.67bppt-­‐‑nr23r56e   AATGTTGGTTGCAGAATGGGGATTGAGACAAG   32  
1.67bppt-­‐‑nr25r56e   AGAGGCTTATAAACCTTCATGGAAATCTACAT   32  
1.67bppt-­‐‑nr-­‐‑23r57f   CGCGCTTGTCGCACACCCACAGTGACCACATC   32  
1.67bppt-­‐‑nr-­‐‑21r57f   GGATAGTGCTGTATTGTCTCAGGAAACAGGCA   32  
1.67bppt-­‐‑nr-­‐‑19r57f   ACGTCTGAGACAATCAAGGGGAAACGAATAAC   32  
1.67bppt-­‐‑nr-­‐‑17r57f   GGTTAAGGCCATCGGGTGTGCTTCAGCGGTTC   32  
1.67bppt-­‐‑nr-­‐‑15r57f   AAGCCCACAATCAGCCTACCCAAACCACACAA   32  
1.67bppt-­‐‑nr-­‐‑13r57f   CGCCAACACTACGTCCTGATGCAGGCTGGAGT   32  
1.67bppt-­‐‑nr-­‐‑11r57f   AACAATACATCCCGTGGCCATCAGGGAAGTTT   32  
1.67bppt-­‐‑nr-­‐‑9r57f   ACTGGCCGGTGAGAATTCGGCCTTACAGGGTA   32  
1.67bppt-­‐‑nr-­‐‑7r57f   CACCTGACCGTTGCAGATGTTCTTGTCAGGGC   32  
1.67bppt-­‐‑nr-­‐‑5r57f   GCCGCAGCCAGGTTGGCAGGGATAACAGCCGT   32  
1.67bppt-­‐‑nr-­‐‑3r57f   TACCACCAAAAATGATGCCGCCAGAGTTGGTA   32  
1.67bppt-­‐‑nr-­‐‑1r57f   AACCGAAGCACGGCGAAAAATAAATTATCGGT   32  
1.67bppt-­‐‑nr1r57f   AACTCGTTCCACTTCATTTCGCATCGCTGGCA   32  
1.67bppt-­‐‑nr3r57f   TTGCAAGTTCGACATAAAGATATCAAAGAAGT   32  
1.67bppt-­‐‑nr5r57f   GCTGCTTGGGATGGCAATTTTTACCTATCTTC   32  
1.67bppt-­‐‑nr7r57f   CGTAAGTCTATTCCGAGAGCATCAGGTGGCAC   32  
1.67bppt-­‐‑nr9r57f   CTGCGCGATCTTTGCATTTATCAAGGCTTTGT   32  
1.67bppt-­‐‑nr11r57f   ATATGGCCTAGATGCAATTATGGTGATGACAA   32  
1.67bppt-­‐‑nr13r57f   ATCGCTCATACTGTGCCGGATGAATCACCTTG   32  
1.67bppt-­‐‑nr15r57f   ACGCCGCCGATGCTTTTCGTGCGCTAATACCA   32  
1.67bppt-­‐‑nr17r57f   AGCATTGCAGGTAGGCGGATCCCCTGCATATG   32  
1.67bppt-­‐‑nr19r57f   TTCAAGTGGAGTCTTGCAGACAAACTGTTTTT   32  
1.67bppt-­‐‑nr21r57f   TTGCTTTATGAGCAAACTTATCGCTGATATTT   32  
1.67bppt-­‐‑nr23r57f   GTCTTCTGCCATGGTGTCCGACTTGCTTTTTT   32  
1.67bppt-­‐‑nr25r57f   TTTTTCGTCTCCCTGCCTCTGTCAGCATTGCT   32  
1.67bppt-­‐‑nr27r57f   TAACGGAATTTTTAAAATCATTATTTGATCACTATC   36  
1.67bppt-­‐‑nr-­‐‑25r58e   TCCGGTACTTTTTGCAGAAGATATAGCTAAAATTCG   36  
1.67bppt-­‐‑nr-­‐‑23r58e   GAATTAAGAGGATGCGGACACAACAAGTGCGG   32  
1.67bppt-­‐‑nr-­‐‑21r58e   CGGTCGTGCAGCTCAGCAGTGCAAGCGGGAAG   32  
1.67bppt-­‐‑nr-­‐‑19r58e   CGAGGCTGAACGCTTGCTGCAACGCGTCAACG   32  
1.67bppt-­‐‑nr-­‐‑17r58e   TCGCGTATTGGTAATGGATGAAACGGCAGACG   32  
1.67bppt-­‐‑nr-­‐‑15r58e   GTTTGACATGGACAGTCCGGCACTGAAACAGC   32  
1.67bppt-­‐‑nr-­‐‑13r58e   CCGTCTGGGCACCAACCGCGCTCACAAAAACG   32  
1.67bppt-­‐‑nr-­‐‑11r58e   GTGCGCCGCCAGATTGCGAACACCGGCAACGG   32  
1.67bppt-­‐‑nr-­‐‑9r58e   TGGGGCCGCGATTGCAGATGTTATGCATCATC   32  
1.67bppt-­‐‑nr-­‐‑7r58e   AAAAATTCGCACTGAATACGCTGACAAAAGAG   32  
1.67bppt-­‐‑nr-­‐‑5r58e   AACTGACTGCTCGGGAATGATCCAGGCCGCCA   32  
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1.67bppt-­‐‑nr-­‐‑3r58e   TTTTGCGGTGACTAACGCGCTTGCTCTGCCTC   32  
1.67bppt-­‐‑nr-­‐‑1r58e   GGGCTTTCAATGCGACACTGACGGAAATCACC   32  
1.67bppt-­‐‑nr1r58e   ATATCAGAGCCCGGTAACAACAGCGTCAAGTA   32  
1.67bppt-­‐‑nr3r58e   TGCTTTGCCTGAGCCAACATGGTGGACGTCGC   32  
1.67bppt-­‐‑nr5r58e   TGCTGTTGATAAATTTTCAGGTATAACCCATC   32  
1.67bppt-­‐‑nr7r58e   TTCATTGATTGATCTCCTTACCTCTTAACCGG   32  
1.67bppt-­‐‑nr9r58e   CAAGAATCGTGGCAGCGACATGGTCTGATTCG   32  
1.67bppt-­‐‑nr11r58e   GCGACGAGTTCAGCTATTGCCTCTTGTTACTG   32  
1.67bppt-­‐‑nr13r58e   TACCTTGAGTGTTGATCTGATTAATTCCCATT   32  
1.67bppt-­‐‑nr15r58e   AAAGACCTTTGCCCTCGTCTATGTGGGTAAAT   32  
1.67bppt-­‐‑nr17r58e   CTCGTGAACGCAATTTCTTTTGTGTAATATCC   32  
1.67bppt-­‐‑nr19r58e   TTCTCATAGAGCATCAGGCAGACCACTCTTTA   32  
1.67bppt-­‐‑nr21r58e   GAAGATGTATTTTGCTCATGTAATGATTGCGA   32  
1.67bppt-­‐‑nr23r58e   CTGTGATGCTTGATTCCTCTGCTGAATAACTC   32  
1.67bppt-­‐‑nr25r58e   TTGTCCCAAGCGATCAAGCCATGATCGCTGTC   32  
1.67bppt-­‐‑nr-­‐‑23r59f   GTCGTTTGCCGTTACCGGAAAATTAAGTGGAA   32  
1.67bppt-­‐‑nr-­‐‑21r59f   GTTTCGATCCGGCGACGCGTTATTGGAAGCAG   32  
1.67bppt-­‐‑nr-­‐‑19r59f   ACGGGGGCCCATCGGGGTAAAACCCGGAAGAA   32  
1.67bppt-­‐‑nr-­‐‑17r59f   AACAGGGGAGTGATGAGGCATCGTGCCAGTGA   32  
1.67bppt-­‐‑nr-­‐‑15r59f   GTGGTTTAATATTCCGGCTGGCTTTGCAGATC   32  
1.67bppt-­‐‑nr-­‐‑13r59f   CAGTATGGGCCTGCAAACAGTACCCCTCGTTG   32  
1.67bppt-­‐‑nr-­‐‑11r59f   ATCCACAGGGTGACGCATATATTCGTGTTGCT   32  
1.67bppt-­‐‑nr-­‐‑9r59f   TTGCTTATTGCTGGCCGGAACTAAACCTGATA   32  
1.67bppt-­‐‑nr-­‐‑7r59f   AGCCACAGTGAACAACCACGGACCTGGAGTAA   32  
1.67bppt-­‐‑nr-­‐‑5r59f   GAGTGCCGTGTGAGGCTTGCATAACGTTGTAT   32  
1.67bppt-­‐‑nr-­‐‑3r59f   TTGGTGCGAACACCGTCAAAAACAGTATATTG   32  
1.67bppt-­‐‑nr-­‐‑1r59f   GCTCATGCCCATCACCGTTAACGCGCGATTAT   32  
1.67bppt-­‐‑nr1r59f   TGGGTGTGGTTATGGCGGAAAGGTGGTTCACA   32  
1.67bppt-­‐‑nr3r59f   CAGCTGCGCCGCTCCTCGCTCATATGTCCATG   32  
1.67bppt-­‐‑nr5r59f   TTACTGGTACTTCGTAGCCATTTTAAGTAATG   32  
1.67bppt-­‐‑nr7r59f   ACAAAGCTTCAAGTACTAATAAGCCAATGTCG   32  
1.67bppt-­‐‑nr9r59f   GCTTCTCTCGATTAGCTCTTCAGGAAATCCTG   32  
1.67bppt-­‐‑nr11r59f   AAAATTAGTAGTCTATTAATGCATAAAACCAT   32  
1.67bppt-­‐‑nr13r59f   CGCTAATGTGTTGCATGGTGCACTAGTAGTCA   32  
1.67bppt-­‐‑nr15r59f   TCTAAGTACTGCTTCCTTTTGGATATTTCAGG   32  
1.67bppt-­‐‑nr17r59f   TTGTGTTTGCATCGTATTGTAGTTTAATGAAT   32  
1.67bppt-­‐‑nr19r59f   TATGCAAAATCTAAAAATTAGTAGCTACAAAA   32  
1.67bppt-­‐‑nr21r59f   ATATCATTTTTTAAGTTACTCTCTCATTTTTC   32  
1.67bppt-­‐‑nr23r59f   ATACTAAGGCAATTTATTTGGCGGATAAAACA   32  
1.67bppt-­‐‑nr25r59f   TATCAATTATATAGTAACCCTTAAAACCATCT   32  
1.67bppt-­‐‑nr27r59f   AGTCAAAATTTTACCCGCCTCTTTCAATTCTACTGC   36  
1.67bppt-­‐‑nr-­‐‑25r60e   TTATCGCCTTTTGGATTTGGGGACGAAACCAGTGCA   36  
1.67bppt-­‐‑nr-­‐‑23r60e   AACTCGGTATTACGGGACGAAAACACAGGATG   32  
1.67bppt-­‐‑nr-­‐‑21r60e   CGTGGCTTTACGGCACCAAATCGACCCGCCAG   32  
1.67bppt-­‐‑nr-­‐‑19r60e   GTTGAAGATCATGCTCACAGTCTGCTGATATG   32  
1.67bppt-­‐‑nr-­‐‑17r60e   TTTTCAACCCGCGGGTGCTCATGCACTTGCTG   32  
1.67bppt-­‐‑nr-­‐‑15r60e   ACCGCCAGAGGATGAACAGTTCTGGGGCAGGC   32  
1.67bppt-­‐‑nr-­‐‑13r60e   ACCGGTCTAACAGCAACCATTACAATATCGTT   32  
1.67bppt-­‐‑nr-­‐‑11r60e   TTGGTGAATTAAAGGAACCAGCACTCCGGCAG   32  
1.67bppt-­‐‑nr-­‐‑9r60e   TTATAATCTTATCGAAAACGGACAGAATACCT   32  
1.67bppt-­‐‑nr-­‐‑7r60e   AGAATGAGTCACTCATTGTCCGGTTTCTGGCA   32  
1.67bppt-­‐‑nr-­‐‑5r60e   AACTATATGTGCACATGCGCATACCCTGACTG   32  
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1.67bppt-­‐‑nr-­‐‑3r60e   ACGCGGAACACCAGCATCCGGTTGTTACCGTA   32  
1.67bppt-­‐‑nr-­‐‑1r60e   CGGACACACCATTCTTTCAGTATTATGCATGC   32  
1.67bppt-­‐‑nr1r60e   TCACTACAGGGAAGTCGTGAAAGACATCTACG   32  
1.67bppt-­‐‑nr3r60e   GTTAACTTTCGTTTGACATCACTGGCCTGTTT   32  
1.67bppt-­‐‑nr5r60e   AGCCACGGTATGCAGGTCGTAGTGATATGCAA   32  
1.67bppt-­‐‑nr7r60e   GAAGCGTTTTGCACTGGATTGCGAGTGTTTCC   32  
1.67bppt-­‐‑nr9r60e   TCGCCGAAGGAGTGCGACAGGTTTTTCTCCGC   32  
1.67bppt-­‐‑nr11r60e   CAACGATACGCAAGAAGACAAAAAAGCGGTTC   32  
1.67bppt-­‐‑nr13r60e   GTTATTCACTCTGTTACAGGTCACGCATAAAA   32  
1.67bppt-­‐‑nr15r60e   TTAGCTTTGTTGATTCATAGTGACTTCGAAGG   32  
1.67bppt-­‐‑nr17r60e   TTAACGGGTACAGTATTATGTAGTCTGCGCAA   32  
1.67bppt-­‐‑nr19r60e   CGTTTTCCATCTAATTTAATATATTTATCTGC   32  
1.67bppt-­‐‑nr21r60e   GATCTCTCTTACGTTTCTCGTTCAATGCCCGA   32  
1.67bppt-­‐‑nr23r60e   AAATAACCTTGGCATTATAAAAAATCACGATA   32  
1.67bppt-­‐‑nr25r60e   ACTCCAACTGTTGCAACGAACAGGTTTCAATT   32  
1.67bppt-­‐‑nr-­‐‑23r61f   CGGCACAGGATTAAATCAATTGGAAATGTGAT   32  
1.67bppt-­‐‑nr-­‐‑21r61f   AAAAACTGTATTTATCTGCTTGATCTGCAAGC   32  
1.67bppt-­‐‑nr-­‐‑19r61f   ACAAAAAATGGCTCTGTCAGCTGCTCTGTCGA   32  
1.67bppt-­‐‑nr-­‐‑17r61f   GCATATTGTATCCAAATGAAGCCACAGTTTTA   32  
1.67bppt-­‐‑nr-­‐‑15r61f   TGGAAATTTAGATGCTTGCTTTTCTTATTTTA   32  
1.67bppt-­‐‑nr-­‐‑13r61f   CTGGAAGCTAATTGGCATTGTATGGACAATTT   32  
1.67bppt-­‐‑nr-­‐‑11r61f   GAACCGTGATCAATTCCAATTACCTAAATAAG   32  
1.67bppt-­‐‑nr-­‐‑9r61f   TTGAGTGGTTCCATGAAATACATTAAGAGTCG   32  
1.67bppt-­‐‑nr-­‐‑7r61f   TCGTTTTGTCGGTTTTTTTTCTTCTCACCCAT   32  
1.67bppt-­‐‑nr-­‐‑5r61f   GAAATAACATGTTTTGAGTCTGCTAGAGTTAC   32  
1.67bppt-­‐‑nr-­‐‑3r61f   TAAAGCTGAAGACTGAACGCATGATTATAGCT   32  
1.67bppt-­‐‑nr-­‐‑1r61f   TATCTTCATCATAGTGTTTACATCTTTAGCGT   32  
1.67bppt-­‐‑nr1r61f   AAACCATTAAGTGGAAATCTGACATCTATGAC   32  
1.67bppt-­‐‑nr3r61f   AATTTCTGTGAATCCGGGAGCACTACCTCTTG   32  
1.67bppt-­‐‑nr5r61f   AGGTGTTAAACCGTCACCTCAAAAAATTATTG   32  
1.67bppt-­‐‑nr7r61f   GCTAATCGAAAGCATGAATGTTCGAGTCGCTT   32  
1.67bppt-­‐‑nr9r61f   AATAGCTTTTGTTGTTTTACCACAAAAGGTGG   32  
1.67bppt-­‐‑nr11r61f   CGCTTAATGTTGGTGATTGCACCAGAATAAAA   32  
1.67bppt-­‐‑nr13r61f   ATGCTTTCTTTTCAGAGAAAAAATCTACTAAT   32  
1.67bppt-­‐‑nr15r61f   GAGTTGACCCTTTGGGATTCTTGAGCATGTCC   32  
1.67bppt-­‐‑nr17r61f   AAGTGCTTAAACGAAACTGAAACACTGGATAT   32  
1.67bppt-­‐‑nr19r61f   CCAATTTTTCTTTAGGAGGAGTAATATCATCG   32  
1.67bppt-­‐‑nr21r61f   ACCATGCTAGTATTGTGTACCTTTCGTCTTAA   32  
1.67bppt-­‐‑nr23r61f   TTGTAACAATTGCTGGCAGCATTCGATGAGTT   32  
1.67bppt-­‐‑nr25r61f   GCTCGTAGTCTAAGCGGAGATCGCTACTTAGT   32  
1.67bppt-­‐‑nr27r61f   AGGAATATTTTTCTCTCATACAACCAATTGTCTTTT   36  
1.67bppt-­‐‑nr-­‐‑25r62e   TTTATCATTTTTGGGAGGGGAATATCAGTTACCTGG   36  
1.67bppt-­‐‑nr-­‐‑23r62e   GTTGTATTCCTGGGTGAAGGATACTATTTCTG   32  
1.67bppt-­‐‑nr-­‐‑21r62e   AAAAAATATTCCGGATCCGGGAGGGTCTATGA   32  
1.67bppt-­‐‑nr-­‐‑19r62e   TGTTATTTAAGCCTGATGCAGGTAGGCATCTC   32  
1.67bppt-­‐‑nr-­‐‑17r62e   AGCTCTGACGCCGCTTCAGGATGCTGTGGCTG   32  
1.67bppt-­‐‑nr-­‐‑15r62e   TATTGGAGGCAACGAAGGAAGAAAGATATTGC   32  
1.67bppt-­‐‑nr-­‐‑13r62e   TTCATCTACTGGAAGAAGTATCGGCGCCTCAT   32  
1.67bppt-­‐‑nr-­‐‑11r62e   TTATTTGATTGATACATCAACTGCTGAATTTA   32  
1.67bppt-­‐‑nr-­‐‑9r62e   TAACTATTCCTGCTGTCCCTGTTAATAAAAAT   32  
1.67bppt-­‐‑nr-­‐‑7r62e   TTCTAAAGTGATATGCCGCAGAAATGGCATTC   32  
1.67bppt-­‐‑nr-­‐‑5r62e   TTTTCGTCGTTCTGCGGTTAGTTATTGCATTT   32  
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1.67bppt-­‐‑nr-­‐‑3r62e   TTGCTTTTAGTATTGGTTTATTTGTGCGGGTA   32  
1.67bppt-­‐‑nr-­‐‑1r62e   TCAATTGTGGAGAATAATGGAAGTATTCTGGC   32  
1.67bppt-­‐‑nr1r62e   TAAATGAATAACACACGTGCGAACACAGACAT   32  
1.67bppt-­‐‑nr3r62e   TAAATCACAAAGAGTTACCCCTCTTCATAAGT   32  
1.67bppt-­‐‑nr5r62e   ATAGAATTAGGACGCTTTCATTTTCGATAGAT   32  
1.67bppt-­‐‑nr7r62e   GCCCGATAATTTGGCCATACTACTCTTCTGAA   32  
1.67bppt-­‐‑nr9r62e   ATTCAAAATAAGAAGGTTATGTTTATATAGTA   32  
1.67bppt-­‐‑nr11r62e   TTTTCTGGTTGCTGAGATTAACATGTTTATAC   32  
1.67bppt-­‐‑nr13r62e   GTCTATTAACCTAAGGAAAAAAACAACCCACT   32  
1.67bppt-­‐‑nr15r62e   AAAATATCTGAATTTTTTATCTATTTCCATAT   32  
1.67bppt-­‐‑nr17r62e   AATGCACTACTTCTTCTTTTTGACTATTGAAC   32  
1.67bppt-­‐‑nr19r62e   CAGGTTGTAACATTTCCGATATCGATTACATA   32  
1.67bppt-­‐‑nr21r62e   AATATAAACATCAAAGACAGTAAGCAACACAG   32  
1.67bppt-­‐‑nr23r62e   TTTAAACTAAGGAATAGTCATTCCTTTTATTA   32  
1.67bppt-­‐‑nr25r62e   AAATGAATGAATGCCTTATTTTTTAACACTAA   32  
1.67bppt-­‐‑nr-­‐‑23r63f   AACCGTCCAATATGTATCAATGCATTCTTTCC   32  
1.67bppt-­‐‑nr-­‐‑21r63f   TTGGCTGTATTCAAATTCAAGCGATCCATTTT   32  
1.67bppt-­‐‑nr-­‐‑19r63f   AGTGATATAATGTTACTGTTCTTGTATATTTT   32  
1.67bppt-­‐‑nr-­‐‑17r63f   GACGCTCTCTATAATCTGGTTTTTACTGTCAA   32  
1.67bppt-­‐‑nr-­‐‑15r63f   TTGTCATAAATAACATTATTGTTAGCAATGAT   32  
1.67bppt-­‐‑nr-­‐‑13r63f   GCTTATGGCAAGCCATTAATGGATTTAGTTAC   32  
1.67bppt-­‐‑nr-­‐‑11r63f   TTATTCTCGTTTTTCTATCGTATTTATCATTC   32  
1.67bppt-­‐‑nr-­‐‑9r63f   AATGATGTCTTTGCCTCGCTATACGGCTTGGC   32  
1.67bppt-­‐‑nr-­‐‑7r63f   TGGATTGTTTTTCTTCAATGTAAGGATATGGT   32  
1.67bppt-­‐‑nr-­‐‑5r63f   AGCAGTTAACATACTTTCATTTGTGGAACGTG   32  
1.67bppt-­‐‑nr-­‐‑3r63f   AAGGCATGAAGTCTGACTAACTTTATAGTGCG   32  
1.67bppt-­‐‑nr-­‐‑1r63f   ATTAGCGATCAGTTAAATATGAAGACCGATTT   32  
1.67bppt-­‐‑nr1r63f   ACTTTCCATTTATTGCTTCTCTTGTTTAATAA   32  
1.67bppt-­‐‑nr3r63f   CAGTACTACACCGAATGTCTCAATTTCAACAT   32  
1.67bppt-­‐‑nr5r63f   CTACACCAAAACACCTCACGAGTTCGGAAACG   32  
1.67bppt-­‐‑nr7r63f   AATGTTCGTGGTGGTATCCAGAATCGAAAAAA   32  
1.67bppt-­‐‑nr9r63f   ATGCAGATAAAGCTCTGAATCAACAATCGCTT   32  
1.67bppt-­‐‑nr11r63f   CTAATGACACCATTATAATTTTTTCTTGACCT   32  
1.67bppt-­‐‑nr13r63f   CTTGTGATTTTAAAACGGTTCGACCACGATGG   32  
1.67bppt-­‐‑nr15r63f   AGAGCTCACTTTACCTTCATCTCTAAATTCAG   32  
1.67bppt-­‐‑nr17r63f   TGTCATAATTCTCGCTGGAAGAGGGATCTATA   32  
1.67bppt-­‐‑nr19r63f   TCCACTTGTTCCGAGCATTTATTACAAAATGG   32  
1.67bppt-­‐‑nr21r63f   CTCTTCATAAATTATTTCTAACATCATGTCAT   32  
1.67bppt-­‐‑nr23r63f   CCATATTTCTTTCTGCAAAAAAGTTTTTATCT   32  
1.67bppt-­‐‑nr25r63f   TTTTTGATACCTGTCGAGCTTAATTCTAATTT   32  
1.67bppt-­‐‑nr27r63f   TCTATCTATTTTAGAGGGTGTGTCCTGTTAAGGTTG   36  
1.67bppt-­‐‑nr-­‐‑25r64e   GCAAGTGCTTTTAAAAAATTAATGTTTGTGGAATTG   36  
1.67bppt-­‐‑nr-­‐‑23r64e   AGGGTCAATTTAAAAAAGTCGTTTCTTCAAAT   32  
1.67bppt-­‐‑nr-­‐‑21r64e   AGGAATTGATAGTCAACTAACTCTATAACGCC   32  
1.67bppt-­‐‑nr-­‐‑19r64e   GAATAATATTTTAGGCTTATCTACTAGGCATT   32  
1.67bppt-­‐‑nr-­‐‑17r64e   GTCATATCTTAATATCTTCAGGAATGAGCCAT   32  
1.67bppt-­‐‑nr-­‐‑15r64e   CATTTTTCTTGTATCATGCTAAATTATTGGTT   32  
1.67bppt-­‐‑nr-­‐‑13r64e   TTTTAGCCAGTAATCTTTTAATTTTGAAGTCT   32  
1.67bppt-­‐‑nr-­‐‑11r64e   ATCGCCTTCTGGCTTCATCAAATATTTGATTA   32  
1.67bppt-­‐‑nr-­‐‑9r64e   AGAGTAGCTGGCGAAATCACATCGGTTTTCTC   32  
1.67bppt-­‐‑nr-­‐‑7r64e   CAATGTCATTATTTGTATGCCAAGGTTGATAT   32  
1.67bppt-­‐‑nr-­‐‑5r64e   AATGTTTATACATTCTGCCATAGAAATATGGT   32  
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1.67bppt-­‐‑nr-­‐‑3r64e   TTTTGTGCTAATAATTCGTAATCTACCGCCAA   32  
1.67bppt-­‐‑nr-­‐‑1r64e   TAGATGATCCCATCGTCTTTCTGAACCGTAGG   32  
1.67bppt-­‐‑nr1r64e   GGATAATACATGCAGGATTTTGGATTTTCTAT   32  
1.67bppt-­‐‑nr3r64e   TAAGTTCTCTGGGGAATGAGTTGCGGTATAGT   32  
1.67bppt-­‐‑nr5r64e   TCAAGTAATTGCGTGCATCGAGTATGCTGGGC   32  
1.67bppt-­‐‑nr7r64e   ATAATAAGTAAAAAAGCAGAGAGCCCCATTCC   32  
1.67bppt-­‐‑nr9r64e   TTCATAAGGAACCTCTGGTTCATCATCATTCC   32  
1.67bppt-­‐‑nr11r64e   CCTATCTGTTTTCGCCAACGACATATTCATTG   32  
1.67bppt-­‐‑nr13r64e   TCATCGCTAGTAAATAAAACAATTCTCGATAA   32  
1.67bppt-­‐‑nr15r64e   TCATTGTATTCGAAGCAGATATTTAGCGATCG   32  
1.67bppt-­‐‑nr17r64e   GCTATAAGAACAATTTAGTGAATTAAGGATCA   32  
1.67bppt-­‐‑nr19r64e   ATCATACCAATCTGTGGTTCATTATGCTGGGT   32  
1.67bppt-­‐‑nr21r64e   GAGTAATGATTTAGAAATGAGGCTTTGAGTCC   32  
1.67bppt-­‐‑nr23r64e   TTGTTGTTGAAAAGTTTTCATCACCTAGTGAT   32  
1.67bppt-­‐‑nr25r64e   AATAACTGAGCTTCAAGCCAGAGTAAATGCTG   32  
1.67bppt-­‐‑nr-­‐‑23r65f   CATGGTTTCCCTTTCGCCAGCTGGTTCCCAAC   32  
1.67bppt-­‐‑nr-­‐‑21r65f   GATAGGTTGTTACCCAACTTAATCGGCGCGGG   32  
1.67bppt-­‐‑nr-­‐‑19r65f   AGAGGTGATTTTACAACGTCGTGATAAAATTC   32  
1.67bppt-­‐‑nr-­‐‑17r65f   TGTAATACTAGTGAGTCGTATTACTCATTTTT   32  
1.67bppt-­‐‑nr-­‐‑15r65f   TCTTATCACCGCCACCGCGGTGGAAATCCCTT   32  
1.67bppt-­‐‑nr-­‐‑13r65f   ACAGGAAAAATTTTCTATCTTTCATAGGGTTG   32  
1.67bppt-­‐‑nr-­‐‑11r65f   ATTATGTAAAAAGTATTCGTTCACAGTCCACT   32  
1.67bppt-­‐‑nr-­‐‑9r65f   TCTGCTAACCGGATTTTGTAAAAACAAAGGGC   32  
1.67bppt-­‐‑nr-­‐‑7r65f   AGAGCCGCGACCTGCCTAGGAATTGCCCACTA   32  
1.67bppt-­‐‑nr-­‐‑5r65f   CTGCGGCTCGTCCTTCTCGGTGCATTTTTGGG   32  
1.67bppt-­‐‑nr-­‐‑3r65f   GGTGTTGAGGACTGCTATGTGCCGTCGGAACC   32  
1.67bppt-­‐‑nr-­‐‑1r65f   TACATATTCGACCATCTATGACTGCTTGACGG   32  
1.67bppt-­‐‑nr1r65f   TTCCTGCCATGATGAAGAGCTCTGTTGTACCA   32  
1.67bppt-­‐‑nr3r65f   AAAAACTGCGATACCTGTTAGCAAGCTCGTCA   32  
1.67bppt-­‐‑nr5r65f   AAATTTGCTCACTTCACTCAAGTGGCCAGCAA   32  
1.67bppt-­‐‑nr7r65f   AATGTCCTTATAACTTTTACGAAACTTTTGCT   32  
1.67bppt-­‐‑nr9r65f   GGTGTACCTGCTGAAACGTTGCGGCTGCGTTA   32  
1.67bppt-­‐‑nr11r65f   TTCTCTCCTCAGATTTGCTTCAATATTACCGC   32  
1.67bppt-­‐‑nr13r65f   AACTAAATATTGGGGAAGTCATTCCCGCAGCC   32  
1.67bppt-­‐‑nr15r65f   GATAATGTGCTAGGCACTGATACATGAGCGAG   32  
1.67bppt-­‐‑nr17r65f   TTTTTTGTTCTAGATCCCTCTGAAAAACCGCC   32  
1.67bppt-­‐‑nr19r65f   ACATTTTTTCGAATTCCTGCAGCCTTAATGCA   32  
1.67bppt-­‐‑nr21r65f   CGTAATATCCTCGAGGTCGACGGTGGAAAGCG   32  
1.67bppt-­‐‑nr23r65f   CGGAGATTTAAAGGGAACAAAAGCGTGAGTTA   32  
1.67bppt-­‐‑nr25r65f   AACCTTTGATGATTACGCCAAGCTTTTACACT   32  
1.67bppt-­‐‑nr27r65f   TAGGCTCATTTTATAACAATTTCACACAGTGGAATT   36  
1.67bppt-­‐‑nr-­‐‑25r66e   CGAAGAGGTTTTGATAAATCTTTAAGTCGCATTTGA   36  
1.67bppt-­‐‑nr-­‐‑23r66e   GCACATCCTTTAGTCATAAAACTCAATAATTC   32  
1.67bppt-­‐‑nr-­‐‑21r66e   ACCCTGGCGCATGCTAGATGCTGACGGTTTGG   32  
1.67bppt-­‐‑nr-­‐‑19r66e   GGCCGTCGTAAAATTAACTGCTTAGTTTTTTT   32  
1.67bppt-­‐‑nr-­‐‑17r66e   TCGCCCTAAAGTTGTTTGATCTTTTACCAAAT   32  
1.67bppt-­‐‑nr-­‐‑15r66e   TAGAGCGGGAAACCATATAGTAAACATTTTTC   32  
1.67bppt-­‐‑nr-­‐‑13r66e   AGCGTCGTTTTTTAATATTATTATGCGAGAAT   32  
1.67bppt-­‐‑nr-­‐‑11r66e   CTCATATATTAAAATTAGAGTTGTATTTCTAA   32  
1.67bppt-­‐‑nr-­‐‑9r66e   AGTTACTACACGTTGCTCATAGGAATGAAATA   32  
1.67bppt-­‐‑nr-­‐‑7r66e   TTGCCAATAGACACGTCGTATGCAAATAAACT   32  
1.67bppt-­‐‑nr-­‐‑5r66e   ATTACAAAGGCTGGTGAACTTCCGTTTATACC   32  
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1.67bppt-­‐‑nr-­‐‑3r66e   TGTCCCTAATGATTTCCAGTTGCTGTAATTTC   32  
1.67bppt-­‐‑nr-­‐‑1r66e   CCTCCCACTTTTGCATGAGAGAATTGTTTGTC   32  
1.67bppt-­‐‑nr1r66e   AGCTTGAATCCAGTTCGCCGGGCAATCCGGAC   32  
1.67bppt-­‐‑nr3r66e   CCTCCAAAATAGCACCCGGAGTTCAAAACACC   32  
1.67bppt-­‐‑nr5r66e   TTGAGTAAATATACCCATTGCTCATTGTCACT   32  
1.67bppt-­‐‑nr7r66e   TATTTCCTTGTCGATATAGGGATGGGACTGCG   32  
1.67bppt-­‐‑nr9r66e   ACTGTAGCTCATCTACTGCGAAAAAGAATGGT   32  
1.67bppt-­‐‑nr11r66e   AATAGGTTCATATTGCAGTCGCGGCTTCTAAT   32  
1.67bppt-­‐‑nr13r66e   TTCCAATATAATAGGCATCACCGAGTTCATTA   32  
1.67bppt-­‐‑nr15r66e   CCGAGTTTGCAATAGGAAGAAAATTAGTTTTT   32  
1.67bppt-­‐‑nr17r66e   CCACTAGTCTGTCCTATATCACCAAGCATTTC   32  
1.67bppt-­‐‑nr19r66e   GCTTGATACACCTGATGAAACAAGTTATCTGC   32  
1.67bppt-­‐‑nr21r66e   GGGCCCCCGTTCTAGCGGGTTTGTGGGGAAGT   32  
1.67bppt-­‐‑nr23r66e   ACCCTCACATTTTCATAAAGCTTTATTCTATA   32  
1.67bppt-­‐‑nr25r66e   CTATGACCTCAGGTTACCAACTACCGTAGGTA   32  
1.67bppt-­‐‑nr-­‐‑23r67f   AGTTGCGCGGGTTACATCGAACTGTCGCCCCG   32  
1.67bppt-­‐‑nr-­‐‑21r67f   AAATTGTAAAAGATGCTGAAGATCCTTTTAAA   32  
1.67bppt-­‐‑nr-­‐‑19r67f   GCGTTAAATTTTTGCTCACCCAGATCCCGTAT   32  
1.67bppt-­‐‑nr-­‐‑17r67f   TAACCAATTATTCCCTTTTTTGCGTCGCCGCA   32  
1.67bppt-­‐‑nr-­‐‑15r67f   ATAAATCAAGTATGAGTATTCAACTTGAGTAC   32  
1.67bppt-­‐‑nr-­‐‑13r67f   AGTGTTGTGATAAATGCTTCAATAACGGATGG   32  
1.67bppt-­‐‑nr-­‐‑11r67f   ATTAAAGAAAATATGTATCCGCTCTGCTGCCA   32  
1.67bppt-­‐‑nr-­‐‑9r67f   GAAAAACCACCCCTATTTGTTTATCCAACTTA   32  
1.67bppt-­‐‑nr-­‐‑7r67f   CGTGAACCCAGGTGGCACTTTTCGAAGGAGCT   32  
1.67bppt-­‐‑nr-­‐‑5r67f   GTCGAGGTCGCCGCGCTTAATGCGGGATCATG   32  
1.67bppt-­‐‑nr-­‐‑3r67f   CTAAAGGGGTAGCGGTCACGCTGCCGGAGCTG   32  
1.67bppt-­‐‑nr-­‐‑1r67f   GGAAAGCCCGAAAGGAGCGGGCGCCGTGACAC   32  
1.67bppt-­‐‑nr1r67f   GACTTGAGGTCCTGTCGGGTTTCGAAGGAAGG   32  
1.67bppt-­‐‑nr3r67f   GGGGGGCGGCTTCCAGGGGGAAACTCATTGCA   32  
1.67bppt-­‐‑nr5r67f   CGCGGCCTGGCAGGGTCGGAACAGTCCCGTAT   32  
1.67bppt-­‐‑nr7r67f   GGCCTTTTAAGGGAGAAAGGCGGATCAGGCAA   32  
1.67bppt-­‐‑nr9r67f   TCCCCTGAGCGTGAGCATTGAGAATCGCTGAG   32  
1.67bppt-­‐‑nr11r67f   CTTTGAGTCGAACGACCTACACCGTGGTAACT   32  
1.67bppt-­‐‑nr13r67f   GAACGACCCGGGGGGTTCGTGCACACTTTAGA   32  
1.67bppt-­‐‑nr15r67f   GAAGCGGAGTTACCGGATAAGGCGTTAAAAGG   32  
1.67bppt-­‐‑nr17r67f   TCTCCCCGTCGTGTCTTACCGGGTAATCTCAT   32  
1.67bppt-­‐‑nr19r67f   GCTGGCACTGTTACCAGTGGCTGCTTCGTTCC   32  
1.67bppt-­‐‑nr21r67f   GGCAGTGAAGCACCGCCTACATACAGATCAAA   32  
1.67bppt-­‐‑nr23r67f   GCTCACTCCCGTAGTTAGGCCACCCTGCGCGT   32  
1.67bppt-­‐‑nr25r67f   TTATGCTTCGCAGATACCAAATACACCACCGC   32  
1.67bppt-­‐‑nr27r67j   GTGAGCGGTTTTTCTTTTTCCGAAGGTAATCAAGAGCTACCAACTT   46  
1.67bppt-­‐‑nr-­‐‑25r68e   CAGCGGTATTTTCCCGCACCGATCGCCCCGTAATAG   36  
1.67bppt-­‐‑nr-­‐‑23r68e   GCACGAGTAGCCTGAATGGCGAATGCCTTGCA   32  
1.67bppt-­‐‑nr-­‐‑21r68e   TGAAAGTAAACGTTAATATTTTGTCTGGGAAA   32  
1.67bppt-­‐‑nr-­‐‑19r68e   CCTTCCTGTTTTTGTTAAATCAGCAATTCACT   32  
1.67bppt-­‐‑nr-­‐‑17r68e   GTCGCCCTAGGCCGAAATCGGCAAGCTCCAAT   32  
1.67bppt-­‐‑nr-­‐‑15r68e   AAAGGAAGAAAGAATAGACCGAGATCATATTC   32  
1.67bppt-­‐‑nr-­‐‑13r68e   ATAACCCTTCCAGTTTGGAACAAGTTCCGATA   32  
1.67bppt-­‐‑nr-­‐‑11r68e   ATACATTCACGTGGACTCCAACGTCAGCCCTC   32  
1.67bppt-­‐‑nr-­‐‑9r68e   TGCGCGGAGTCTATCAGGGCGATGGGTTAGCA   32  
1.67bppt-­‐‑nr-­‐‑7r68e   GGGCGCGTATCACCCTAATCAAGTTGCCACTG   32  
1.67bppt-­‐‑nr-­‐‑5r68e   ACCACACCGCCGTAAAGCACTAAAGAGCGGAC   32  
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1.67bppt-­‐‑nr-­‐‑3r68e   TGGCAAGTAGCCCCCGATTTAGAGTACGCCAC   32  
1.67bppt-­‐‑nr-­‐‑1r68e   GAAGAAAGGGCGAACGTGGCGAGACCACCTCT   32  
1.67bppt-­‐‑nr1r68e   TCTTTATACGTCGATTTTTGTGATTATTTAAT   32  
1.67bppt-­‐‑nr3r68e   ACGAGGGAGAGCCTATGGAAAAACCTTCCCTG   32  
1.67bppt-­‐‑nr5r68e   CGGTAAGCTTTTACGGTTCCTGGCGAGTTTCT   32  
1.67bppt-­‐‑nr7r68e   GCTTCCCGGCTCACATGTTCTTTCTTGAACTA   32  
1.67bppt-­‐‑nr9r68e   TACCTACATTCTGTGGATAACCGTAAATTCTG   32  
1.67bppt-­‐‑nr11r68e   GCTTGGAGGAGCTGATACCGCTCGAAATCTAT   32  
1.67bppt-­‐‑nr13r68e   GGGCTGAAGAGCGCAGCGAGTCAGTAACTCTT   32  
1.67bppt-­‐‑nr15r68e   AGACGATAAGAGCGCCCAATACGCAAAATCTT   32  
1.67bppt-­‐‑nr17r68e   GCGATAAGCGCGTTGGCCGATTCACGGGGGAT   32  
1.67bppt-­‐‑nr19r68e   GCTAATCCGACAGGTTTCCCGACTATCGATAA   32  
1.67bppt-­‐‑nr21r68e   AACTCTGTGCGCAACGCAATTAATTGGGTACC   32  
1.67bppt-­‐‑nr23r68e   TAGTGTAGATTAGGCACCCCAGGCCGGAATTA   32  
1.67bppt-­‐‑nr25r68e   CAGCAGAGCCGGCTCGTATGTTGTGGAAACAG   32  
1.67bppt-­‐‑nr-­‐‑25r69e   TTAGATCCTTGAGAGTTTGATCTCAA   26  
1.67bppt-­‐‑nr-­‐‑23r69h   AAGAACGTTTTCCAATGATGAGCAAGTTGGGT   32  
1.67bppt-­‐‑nr-­‐‑21r69h   GTTCTGCTATGTGGCGCGGTATTAAACGCTGG   32  
1.67bppt-­‐‑nr-­‐‑19r69h   TGACGCCGGGCAAGAGCAACTCGGGCATTTTG   32  
1.67bppt-­‐‑nr-­‐‑17r69h   TACACTATTCTCAGAATGACTTGGATTTCCGT   32  
1.67bppt-­‐‑nr-­‐‑15r69h   TCACCAGTCACAGAAAAGCATCTTATATTGAA   32  
1.67bppt-­‐‑nr-­‐‑13r69h   CATGACAGTAAGAGAATTATGCAGATGAGACA   32  
1.67bppt-­‐‑nr-­‐‑11r69h   TAACCATGAGTGATAACACTGCGGTTTTCTAA   32  
1.67bppt-­‐‑nr-­‐‑9r69h   CTTCTGACAACGATCGGAGGACCGGGGAAATG   32  
1.67bppt-­‐‑nr-­‐‑7r69h   AACCGCTTTTTTGCACAACATGGGCCGCTACA   32  
1.67bppt-­‐‑nr-­‐‑5r69h   TAACTCGCCTTGATCGTTGGGAACGCGTAACC   32  
1.67bppt-­‐‑nr-­‐‑3r69h   AATGAAGCCATACCAAACGACGAGTAGGGCGC   32  
1.67bppt-­‐‑nr-­‐‑1r69h   CACGATGCCTGTAGCAATGGCAACATCTGGAG   32  
1.67bppt-­‐‑nr1r69h   CCGGTGAGCGTGGGTCTCGCGGTAGCCTGGTA   32  
1.67bppt-­‐‑nr3r69h   GCACTGGGGCCAGATGGTAAGCCCGAGAGCGC   32  
1.67bppt-­‐‑nr5r69h   CGTAGTTATCTACACGACGGGGAGCAGGTATC   32  
1.67bppt-­‐‑nr7r69h   CTATGGATGAACGAAATAGACAGAAGCGCCAC   32  
1.67bppt-­‐‑nr9r69h   ATAGGTGCCTCACTGATTAAGCATAACTGAGA   32  
1.67bppt-­‐‑nr11r69h   GTCAGACCAAGTTTACTCATATATACAGCCCA   32  
1.67bppt-­‐‑nr13r69h   TTGATTTAAAACTTCATTTTTAATCAGCGGTC   32  
1.67bppt-­‐‑nr15r69h   ATCTAGGTGAAGATCCTTTTTGATTGGACTCA   32  
1.67bppt-­‐‑nr17r69h   GACCAAAATCCCTTAACGTGAGTTTGCCAGTG   32  
1.67bppt-­‐‑nr19r69h   ACTGAGCGTCAGACCCCGTAGAAACTCGCTCT   32  
1.67bppt-­‐‑nr21r69h   GGATCTTCTTGAGATCCTTTTTTTACTTCAAG   32  
1.67bppt-­‐‑nr23r69h   AATCTGCTGCTTGCAAACAAAAAATGTCCTTC   32  
1.67bppt-­‐‑nr25r69h   TACCAGCGGTGGTTTGTTTGCCGGACTGGCTT   32  
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Table B2. Staple sequences for 51k notched rectangle designed with an average of 1.5 
base pairs per turn. 
Name   Sequence   Length  
1.5bppt-­‐‑nr-­‐‑23r0g   TCCCGATGCTTTTTGAAGTTCGCTAAACAAT   31  
1.5bppt-­‐‑nr-­‐‑21r0g   AGTAGCGAGTAGCATTTTTTTCATTATTTATT   32  
1.5bppt-­‐‑nr-­‐‑19r0g   GAGCACATCCTGTAATAAGCAGGGTCATTGT   31  
1.5bppt-­‐‑nr-­‐‑17r0g   TGCCGGTTTGTTTTGAACAGTAAAAGCCCTGA   32  
1.5bppt-­‐‑nr-­‐‑15r0g   GATGGGTGATGGTTTCCTTTGGTCCGGGAAT   31  
1.5bppt-­‐‑nr-­‐‑13r0g   TTTCTTCTGCCCAATTCCAGAAACTTAGCGCG   32  
1.5bppt-­‐‑nr-­‐‑11r0g   CGCCGCCACAAATTTTGGCTGCACCCCGGTG   31  
1.5bppt-­‐‑nr-­‐‑9r0g   TTGCTGGGTTTCTGTTTTAACAACTATGATTT   32  
1.5bppt-­‐‑nr-­‐‑7r0g   TAATAAAACCGAGCAATCCATTTTCTGAATG   31  
1.5bppt-­‐‑nr-­‐‑5r0g   ACGCGCTTCCAGCGGAGTATAAATATCAAAGG   32  
1.5bppt-­‐‑nr-­‐‑3r0g   GCAACTCATGCAATTATTGTGAGGGATATTT   31  
1.5bppt-­‐‑nr-­‐‑1r0g   AGCAGTGCAGATAGAGTTGCCCATTTTAGCAA   32  
1.5bppt-­‐‑nr1r0g   ACAACTGGAAGGAACCCAGAAGTATATTAATG   32  
1.5bppt-­‐‑nr3r0g   CCCTCAGAGAGAGGCTGATCACTGCTCGAT   30  
1.5bppt-­‐‑nr5r0g   ACTGGCAGACACCGCTGAACGGGAGATGCTAA   32  
1.5bppt-­‐‑nr7r0g   CCTCCGGCGTGGATAATGCAGCCTGATGTT   30  
1.5bppt-­‐‑nr9r0f   TTAGTCAGTGCGTGAAGCATCAAAGC   26  
1.5bppt-­‐‑nr-­‐‑23r1f   GAGTTGAAAATATTAGGAATGTTTCGGTCCTG   32  
1.5bppt-­‐‑nr-­‐‑21r1f   AATGTATGCCTCCTTGTGTTTTGTACCGACAG   32  
1.5bppt-­‐‑nr-­‐‑19r1f   ATTCCCGGATTATCGTTTTTATCGAATCTTCA   32  
1.5bppt-­‐‑nr-­‐‑17r1f   CGGGGAACCTTCCATGTGATACGATTTAACCG   32  
1.5bppt-­‐‑nr-­‐‑15r1f   AATTAAAATTAAAAATGGCAACCTGCGACAAA   32  
1.5bppt-­‐‑nr-­‐‑13r1f   TACACGTATAAATCTTTTCGCACTTGATCCCT   32  
1.5bppt-­‐‑nr-­‐‑11r1f   CTGACACGCGTTTTAGTTCAGAATATATGCTT   32  
1.5bppt-­‐‑nr-­‐‑9r1f   AGCGTGGATAGATAGTAAATATAACCCTGATG   32  
1.5bppt-­‐‑nr-­‐‑7r1f   CTCTCAGTTTTTCTAACACGATGTAGGTGTCT   32  
1.5bppt-­‐‑nr-­‐‑5r1f   TATAGTAATTTAAGTCCTTTTATTGGCAGCGT   32  
1.5bppt-­‐‑nr-­‐‑3r1f   GTAACCCAGTGTTTCTTGAGAATTAGGATTAT   32  
1.5bppt-­‐‑nr-­‐‑1r1f   GATTTTCCCAACCTATCATAGGACATAACTGC   32  
1.5bppt-­‐‑nr1r1f   GATGCGTCGAACGCGGCAATTACTTGATTTCT   32  
1.5bppt-­‐‑nr3r1f   GCAAAATAGCGACAAAAATGCCAACTGCCG   30  
1.5bppt-­‐‑nr5r1f   AGCTGAAACCGTGATAACGCCATTCATAAGGC   32  
1.5bppt-­‐‑nr7r1f   GCCGCTGGTCGTCTGCCTGTCATAGAAGCG   30  
1.5bppt-­‐‑nr9r1f   AGTCTGTCTTTTCGCGATTATCTCCGCTGTATGAGC   36  
1.5bppt-­‐‑nr-­‐‑25r2i   TAGTATTGTTTTAAAATTAAACAAACCCAGAATCGTATGTGTAGTT   46  
1.5bppt-­‐‑nr-­‐‑23r2e   TATGTCAATTTCATATTGTTAAGGTGTTAT   30  
1.5bppt-­‐‑nr-­‐‑21r2e   TGGTCTGATCAGGTGCGATGAATCGCCAGCGC   32  
1.5bppt-­‐‑nr-­‐‑19r2e   AGTTTGCATTAACTATGTCCACCGTCTGTT   30  
1.5bppt-­‐‑nr-­‐‑17r2e   GGTAAAACTTCTCTGCGGGAGTGTGCTACTGC   32  
1.5bppt-­‐‑nr-­‐‑15r2e   TATTTCTCGATGCACACAGGGTGAAGAAAT   30  
1.5bppt-­‐‑nr-­‐‑13r2e   TCACAGTCTTGCATTATGCCAACGTCGACAGT   32  
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1.5bppt-­‐‑nr-­‐‑11r2e   GTTGTGAGAAGAAACCGGACGTATTTTCTG   30  
1.5bppt-­‐‑nr-­‐‑9r2e   TCTGTGGCAAGATTTGTGTAGTGTACGAATGT   32  
1.5bppt-­‐‑nr-­‐‑7r2e   GTTATCGAAATAGTAATGAATTGCCTAAAG   30  
1.5bppt-­‐‑nr-­‐‑5r2e   ACAACCTTTATCTTTTATGTTCATCAATACAC   32  
1.5bppt-­‐‑nr-­‐‑3r2e   AAGATGCTCGGAAAACTCCTGCATCGATGG   30  
1.5bppt-­‐‑nr-­‐‑1r2e   CTTGATTTCTGTATTGCTGAAATGGACATGCA   32  
1.5bppt-­‐‑nr1r2e   AAGCTGGCAGCGTGATGTTGCTGCATGCAAAA   32  
1.5bppt-­‐‑nr3r2e   AGCCCAGCCACGAAGGAGTTAGCTTTATTTCA   32  
1.5bppt-­‐‑nr5r2e   AATCATTAATGATGCTCTGCGTGATCCCCCCG   32  
1.5bppt-­‐‑nr7r2e   CTGCATCATCGTCGTCGGTTGCACCACCACCG   32  
1.5bppt-­‐‑nr-­‐‑23r3f   CTGGCATTGAAGTTGTTTTTACGTGCGTCATA   32  
1.5bppt-­‐‑nr-­‐‑21r3f   ATGTATGTCCGTATTCAGTGTCGCTGGCCTCC   32  
1.5bppt-­‐‑nr-­‐‑19r3f   TACAGAAACGGGTTCTGTTCTTCGTAATCATT   32  
1.5bppt-­‐‑nr-­‐‑17r3f   CTAGATGAAGGAAAGCGGATGTTGTGATCCGA   32  
1.5bppt-­‐‑nr-­‐‑15r3f   ATGAATAAAGAGCGATGTTAATTTGGGTTTTC   32  
1.5bppt-­‐‑nr-­‐‑13r3f   CCGTGGATGGCTGAGAAATTCCCGTTAAGGCG   32  
1.5bppt-­‐‑nr-­‐‑11r3f   AATAGCACGTTAGTCTCCGACGGCTAATGTTT   32  
1.5bppt-­‐‑nr-­‐‑9r3f   TTGTAATTTTTAATTGATGTATATGAAAGGAA   32  
1.5bppt-­‐‑nr-­‐‑7r3f   CTGGAAGCGGAAGAACGCGGGATGTTTTGGCC   32  
1.5bppt-­‐‑nr-­‐‑5r3f   TGGTGAAGAAGTGAATTTACAATATTGTCCGT   32  
1.5bppt-­‐‑nr-­‐‑3r3f   TCCCTGGTTGCAACTCAATTACTGAAAGCAGC   32  
1.5bppt-­‐‑nr-­‐‑1r3f   TAATCATTCAGTCTGTCACTGTCAATCCGTAC   32  
1.5bppt-­‐‑nr1r3f   CCGTTGCATGGTGATATCCGTCAGTGACAGAG   32  
1.5bppt-­‐‑nr3r3f   GGCGCTGGAGGAGCGTGGCGCTTGGTTATG   30  
1.5bppt-­‐‑nr5r3f   TGACAGCCAAGTCAGGACGCTGTGTTACTGAT   32  
1.5bppt-­‐‑nr7r3f   GGCGGAACAGCAGCTTGGCCTGAGTCACGC   30  
1.5bppt-­‐‑nr9r3f   AGAGTCACTTTTGCTTCTTTCCCGTTGGGCGCCGGA   36  
1.5bppt-­‐‑nr-­‐‑25r4e   TGCAGATCTTTTGTTGCGTAACAAAGTGTCACTTAA   36  
1.5bppt-­‐‑nr-­‐‑23r4e   ATTGTCTCTGGAGGGAAATACATGATGATT   30  
1.5bppt-­‐‑nr-­‐‑21r4e   AGGTTGCCAAGGCCAACGTGCTCATTTCAATC   32  
1.5bppt-­‐‑nr-­‐‑19r4e   TGTTCTGGATTTGAAGTAATATGGGCGCGT   30  
1.5bppt-­‐‑nr-­‐‑17r4e   ATTTGGTTAGAGCAAGCGCATGGAGAGCCATT   32  
1.5bppt-­‐‑nr-­‐‑15r4e   TTGCTCAAGAACAATCTGCTGATGATCGAA   30  
1.5bppt-­‐‑nr-­‐‑13r4e   ATGACCCACTGATTCGTGTAAAAAAAAACAAT   32  
1.5bppt-­‐‑nr-­‐‑11r4e   TTCTGACCATTTCTATGAGTTATGTGAGAC   30  
1.5bppt-­‐‑nr-­‐‑9r4e   TCATCACTGCATGTATAGAACATAGAATATTA   32  
1.5bppt-­‐‑nr-­‐‑7r4e   TTCGGAGATTCAGAGCAATTGAAACACGGT   30  
1.5bppt-­‐‑nr-­‐‑5r4e   TCGTAATTCACGATAATAATATGATAACATTT   32  
1.5bppt-­‐‑nr-­‐‑3r4e   GTAAAACGGTTGACTGATCACCGTTTCTAT   30  
1.5bppt-­‐‑nr-­‐‑1r4e   CCAACACGCAAACTATTTAGTCTGGCAATCGA   32  
1.5bppt-­‐‑nr1r4e   ATTGATCGGCAATATCTGGGCTTCGAGAACTG   32  
1.5bppt-­‐‑nr3r4e   GCAGATTATTATGGTCAGTTCGAGACCTACAA   32  
1.5bppt-­‐‑nr5r4e   TCTCCGAATGATTGCAAAATTCAAGGGCTGTT   32  
1.5bppt-­‐‑nr7r4e   CTACCGCAGGTCAGAGAGATTGATCTGGTTAT   32  
1.5bppt-­‐‑nr-­‐‑23r5f   ATTGATTAATGTTGATTTCCTGAACCGCGCTG   32  
1.5bppt-­‐‑nr-­‐‑21r5f   ACGCACGTCAGCGGCGTTTTCCGGGAGTGAAT   32  
1.5bppt-­‐‑nr-­‐‑19r5f   ATCACTTTCCAGTATTCTCGACGGCTGCGGCA   32  
1.5bppt-­‐‑nr-­‐‑17r5f   CAGGTTACTTCGTGCTGTCGCGGACACTGTTC   32  
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1.5bppt-­‐‑nr-­‐‑15r5f   GCTATTTACCGCTGAAGTGGTGGAGAATGGGC   32  
1.5bppt-­‐‑nr-­‐‑13r5f   TTTCCGTTGACGCACAGGAACTGAAAGAATCC   32  
1.5bppt-­‐‑nr-­‐‑11r5f   TTATTTAAACGAACGCCATCGACTACACTGCC   32  
1.5bppt-­‐‑nr-­‐‑9r5f   ACGACAGGGAGGCAGATCTCCAGCCGATGGGC   32  
1.5bppt-­‐‑nr-­‐‑7r5f   TCTGTCGTGCCGGGAGGTTGAAGAGTGGTGAA   32  
1.5bppt-­‐‑nr-­‐‑5r5f   GGAATGAAAGGGATGCTGAAATTGAAATGCTG   32  
1.5bppt-­‐‑nr-­‐‑3r5f   TGGCTGACACTCTGCCGCCGTCATGAGCATAA   32  
1.5bppt-­‐‑nr-­‐‑1r5f   CATTCAGAGGCGGTGGCAAGGGTATGCCGACG   32  
1.5bppt-­‐‑nr1r5f   GGACGTCAGCGTGGTCGGAGGGAAAATGCCCG   32  
1.5bppt-­‐‑nr3r5f   ACGTCATTTAATCAACGTAAGGCTGCGTTT   30  
1.5bppt-­‐‑nr5r5f   TACTCCGAAAAAAGCCGGAGTAGAATGTGCGC   32  
1.5bppt-­‐‑nr7r5f   TAAACCCAATTGGTTCGCTTATCCCTTCTC   30  
1.5bppt-­‐‑nr9r5f   CGCTACCATTTTGCGTGTTTATCGGCTACTCGCTTA   36  
1.5bppt-­‐‑nr-­‐‑25r6e   TCATCAAATTTTAATTAATACGATACCTTAAGTTGA   36  
1.5bppt-­‐‑nr-­‐‑23r6e   AACCGACTTTGACGTGGTTTGATGATTTGT   30  
1.5bppt-­‐‑nr-­‐‑21r6e   TGTCGGTGTGTGATATGTAGATGATTGACATG   32  
1.5bppt-­‐‑nr-­‐‑19r6e   GAAATTGACGGGTCCTTTCCGGCGGGTTGT   30  
1.5bppt-­‐‑nr-­‐‑17r6e   TCTGTACTGGGGCGGCGACCTCGCGTTCAATC   32  
1.5bppt-­‐‑nr-­‐‑15r6e   AGAGACTTGAAAATTTTCCGGTGACCCTTT   30  
1.5bppt-­‐‑nr-­‐‑13r6e   CGCAGGCCCTTCTTCGTCATAACTAGGCTTCA   32  
1.5bppt-­‐‑nr-­‐‑11r6e   ATTGAGTAATACCCTCTGAAAAGCTCTCTT   30  
1.5bppt-­‐‑nr-­‐‑9r6e   AGGCCAGCTGCTGAAAGCGAGGCTTTCATTCT   32  
1.5bppt-­‐‑nr-­‐‑7r6e   AAGCTGCTTCCTTTCTCTGTTTTCGTCCTG   30  
1.5bppt-­‐‑nr-­‐‑5r6e   ATGCCGAACAATGGAAGTCAACAACAATGCCC   32  
1.5bppt-­‐‑nr-­‐‑3r6e   CTTTATGATTTTCGGTGCGAGTGGAAAGTG   30  
1.5bppt-­‐‑nr-­‐‑1r6e   TTCTGCGAACTGGCAGGAACAGGGCTGATAAC   32  
1.5bppt-­‐‑nr1r6e   ATATGCTGGAAAACCAGAAATCATTACCTATG   32  
1.5bppt-­‐‑nr3r6e   GAAATCAAGTAGGCGGAGAGCTATGCATTGCA   32  
1.5bppt-­‐‑nr5r6e   CGCTGCTATCACCCTCGCAAACTTAAGACTTC   32  
1.5bppt-­‐‑nr7r6e   CTGACTCGAAACTCAAATCAACAGTGGGATGC   32  
1.5bppt-­‐‑nr-­‐‑23r7f   GATGAACTTCATGTTGCCTGCCCGCGACAAAG   32  
1.5bppt-­‐‑nr-­‐‑21r7f   ATATCGAACAGCCAGTGAATCCCCACGCCGGA   32  
1.5bppt-­‐‑nr-­‐‑19r7f   TTTTGTCCAAAAGTGAGAGGCACCCTGCGAGC   32  
1.5bppt-­‐‑nr-­‐‑17r7f   AGGCCGGATCTGGCCAAAGTCCATCAGGAGCT   32  
1.5bppt-­‐‑nr-­‐‑15r7f   GGATGCTAGTTCCTGGGTGACAAGCTGCGAAA   32  
1.5bppt-­‐‑nr-­‐‑13r7f   GCATACCAATGATGATATTGAACAGGCATTCT   32  
1.5bppt-­‐‑nr-­‐‑11r7f   CTTTCAGCTGTGGCGGGTTATGATGATTGAGC   32  
1.5bppt-­‐‑nr-­‐‑9r7f   AGCGACTACGGCAAAAAACTACCGATCTGGAC   32  
1.5bppt-­‐‑nr-­‐‑7r7f   GTCTGCCCTGGGCGTGGCTTCTGGGGTGCAGA   32  
1.5bppt-­‐‑nr-­‐‑5r7f   CTGGGTGTATAACACGCTCACCATAAAGGGGA   32  
1.5bppt-­‐‑nr-­‐‑3r7f   GCAGCGCAGCTGGCCCCGTGGTATAAACACCA   32  
1.5bppt-­‐‑nr-­‐‑1r7f   GATGGTGACGACTATTCGTGATATAAAATTGG   32  
1.5bppt-­‐‑nr1r7f   CCTTCGCGAATCCTTGCGTTTGCAAAAACCCA   32  
1.5bppt-­‐‑nr3r7f   ACAAAAACTTCTCGCGGCAAAGGCGTGAAA   30  
1.5bppt-­‐‑nr5r7f   CATTATCGGATGCCAGAAAAACATCAACCTCC   32  
1.5bppt-­‐‑nr7r7f   GACTTCGCGCAAATCCCCTTATTTCACGAA   30  
1.5bppt-­‐‑nr9r7f   TATAACGATTTTTCAGTAATCGACCTTAGCCTGGAT   36  
1.5bppt-­‐‑nr-­‐‑25r8e   GGAGGAGCTTTTGCCATGAACAAAGCAGACGGGATA   36  
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1.5bppt-­‐‑nr-­‐‑23r8e   TGCGTTTGATACCGGGGTTGCTAACTGGAA   30  
1.5bppt-­‐‑nr-­‐‑21r8e   TGAGCGTGCAGTCAGGTTAACAGGGCTCCCCC   32  
1.5bppt-­‐‑nr-­‐‑19r8e   CCACGCCGCGCCGGGCTTCGCTTCGCAGGT   30  
1.5bppt-­‐‑nr-­‐‑17r8e   AGGCTCGGGCCACAGACCGCCGTTAACCGCAT   32  
1.5bppt-­‐‑nr-­‐‑15r8e   CTCCGACATTACTATCTCCCGAAGAATGCC   30  
1.5bppt-­‐‑nr-­‐‑13r8e   TGCTTTTGGGAAGGGCGCTGGGAATACGCGTG   32  
1.5bppt-­‐‑nr-­‐‑11r8e   CGGTGGAGGGCCATCATGAATGCAGGAACT   30  
1.5bppt-­‐‑nr-­‐‑9r8e   CGGTAAAGCATCCGTGAGGTGAATACTGCGGC   32  
1.5bppt-­‐‑nr-­‐‑7r8e   TCACTAAGTGTCGGTTATTCCAAGAACGAA   30  
1.5bppt-­‐‑nr-­‐‑5r8e   GCACCGGGTTATGCCTACTTTATAAAAATGGT   32  
1.5bppt-­‐‑nr-­‐‑3r8e   TGCTGGCACACCCTTATCTGGTATGAGGTG   30  
1.5bppt-­‐‑nr-­‐‑1r8e   CGTTGAGCTGCCGAGAACTTTATGATGGCGTA   32  
1.5bppt-­‐‑nr1r8e   ATCGGGGCGCAGATATAATGGCGGGTTCCTCG   32  
1.5bppt-­‐‑nr3r8e   GGCCGCCAAGTAATCGACGCAACGAGATGGTA   32  
1.5bppt-­‐‑nr5r8e   GACATGAACCTGGTTCATTCGTGAAAACGCTT   32  
1.5bppt-­‐‑nr7r8e   TAAATAGACGGACTAAGTAGCAATCATCGGTA   32  
1.5bppt-­‐‑nr-­‐‑23r9f   AGACGCCGTGGCCAGCATGCCACGAAATCGGT   32  
1.5bppt-­‐‑nr-­‐‑21r9f   TGACCCCTATTAAAGGGGCATCCGTTATAACC   32  
1.5bppt-­‐‑nr-­‐‑19r9f   ATAATGCCCGAAAAAACATGGGCTATGAACCG   32  
1.5bppt-­‐‑nr-­‐‑17r9f   GGACTTTAGGGATTGACCCGACCAGAATAACC   32  
1.5bppt-­‐‑nr-­‐‑15r9f   AGACCGGGTGTCGATATCCCGTATCGCAGCAG   32  
1.5bppt-­‐‑nr-­‐‑13r9f   CTGGTTTTAAAACCTATACCCGCCAAAATGGG   32  
1.5bppt-­‐‑nr-­‐‑11r9f   CACCTGACAGACGCTGCTGCGTGTGGGACAGC   32  
1.5bppt-­‐‑nr-­‐‑9r9f   AGCGTACACAGATTATTATGGGCCCGACTGCT   32  
1.5bppt-­‐‑nr-­‐‑7r9f   TTGTCAAAGGCCGGGTGAGGAAAGGCATCAGT   32  
1.5bppt-­‐‑nr-­‐‑5r9f   TACGGGAAGACCGCTACGAAATGCCAGTGCGC   32  
1.5bppt-­‐‑nr-­‐‑3r9f   CGCTCGGTCTTACCTGACCGCCGGATGGTGCA   32  
1.5bppt-­‐‑nr-­‐‑1r9f   CGAACGTCCATTATTCAGCGCCCGAGATTACG   32  
1.5bppt-­‐‑nr1r9f   CTGCGGCCCTGAATTCATTAGTAAGGCAGAGC   32  
1.5bppt-­‐‑nr3r9f   GCGGGTGGAACCCAAACTGAGCCTTCGCAG   30  
1.5bppt-­‐‑nr5r9f   TGCCGTTTGTACAGGCGTCATCGCGTTTCGGG   32  
1.5bppt-­‐‑nr7r9f   CAAATCTGATACCGGAAGCAGAAAAGAGCA   30  
1.5bppt-­‐‑nr9r9f   TTGTTCTATTTTCAGTGCTCTTTCCGTTGGCGAGCC   36  
1.5bppt-­‐‑nr-­‐‑25r10e   ACAAAAACTTTTAGTATCTTAAATTTGGCATTGCGG   36  
1.5bppt-­‐‑nr-­‐‑23r10e   AAGCCGGTTTGGCCTCAAATGGGCATTTTA   30  
1.5bppt-­‐‑nr-­‐‑21r10e   TGATCCCCCCAGCGTGTTTTATCTTGTCAGAT   32  
1.5bppt-­‐‑nr-­‐‑19r10e   GAACGCTTGCGTCATCCGCCAGCCGTGGCT   30  
1.5bppt-­‐‑nr-­‐‑17r10e   ATACTGGCCTGATGCCCGTTATATCGTATTGA   32  
1.5bppt-­‐‑nr-­‐‑15r10e   GCAGAAAATCTGGACCCGTGATGGAAGGCT   30  
1.5bppt-­‐‑nr-­‐‑13r10e   CCATCAATCGTCATCCGGTGAAGAGAACTTGC   32  
1.5bppt-­‐‑nr-­‐‑11r10e   GATGAACAGTGTGACCTTTCACTGAAAAGT   30  
1.5bppt-­‐‑nr-­‐‑9r10e   TTGACCGGGCCCGTTCACCACCTGTGCCTGGG   32  
1.5bppt-­‐‑nr-­‐‑7r10e   GGATGGGGACTGGATGAAAACGGAAGCGTT   30  
1.5bppt-­‐‑nr-­‐‑5r10e   CCCAGCTGAACGTAAAACCTTCGTGGCAAAAA   32  
1.5bppt-­‐‑nr-­‐‑3r10e   CGTGTGGGAGACGTGGGAGGCGTCCGTCGC   30  
1.5bppt-­‐‑nr-­‐‑1r10e   GGAAAGAGCGGATGCTGAAGTGATTAGTTACG   32  
1.5bppt-­‐‑nr1r10e   TGTCTGTCTTTTACACATGACCTTAACAAGGC   32  
1.5bppt-­‐‑nr3r10e   AACAGCACCAGGAGGTCGCGCTAAGACCTGTT   32  
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1.5bppt-­‐‑nr5r10e   CCAAATGCTGCCCGTGCATATCGGGGGGGTAA   32  
1.5bppt-­‐‑nr7r10e   TTAAGCGAATTACTAAACACAGTATTCCTAAT   32  
1.5bppt-­‐‑nr-­‐‑23r11f   ACGGATACTACCCGTGGCAATGCCTGCCGCCA   32  
1.5bppt-­‐‑nr-­‐‑21r11f   GCTTCACAAAAGTGTGGATGCAGCCATATCGT   32  
1.5bppt-­‐‑nr-­‐‑19r11f   CTTCCCGGAGGGCAGTTGCGGTCGTCGCCCAA   32  
1.5bppt-­‐‑nr-­‐‑17r11f   CGGATATTCCGGTTATCACGGCGGGAGGAAGA   32  
1.5bppt-­‐‑nr-­‐‑15r11f   CTGACTGCGCCGGACGGCATGACATGAAGCGG   32  
1.5bppt-­‐‑nr-­‐‑13r11f   TGGATGGCTGAAAACGCCCACCATGACTGCTG   32  
1.5bppt-­‐‑nr-­‐‑11r11f   AAAAAGCGAGCGACGCAGGGGACCCACGTTTA   32  
1.5bppt-­‐‑nr-­‐‑9r11f   TCGTTTATGCAGAGCTGGAAGTGCGCCATGCA   32  
1.5bppt-­‐‑nr-­‐‑7r11f   ATTTCCCGCCACTTCCGTGTCTGATCAGGCCA   32  
1.5bppt-­‐‑nr-­‐‑5r11f   TGCTGGCGCAGAAAGACGGACGAACTTTTCCG   32  
1.5bppt-­‐‑nr-­‐‑3r11f   GCAACCAAACCTGATGACAGGTAAGAAGCGCA   32  
1.5bppt-­‐‑nr-­‐‑1r11f   CCCGTGCCGAACTTGCCGCTGCCCGACAGCCG   32  
1.5bppt-­‐‑nr1r11f   CTGCAAAATCCAACCATCGCAGGCAATGACGC   32  
1.5bppt-­‐‑nr3r11f   GTAATAGTTAGTTGGTCACTTCGGTGCAAT   30  
1.5bppt-­‐‑nr5r11f   ATTTTTTAGAAAAGAGGCGGCGCTACAACATT   32  
1.5bppt-­‐‑nr7r11f   TTGAGTCGTGGGTTAATTCGCTCCATGATT   30  
1.5bppt-­‐‑nr9r11f   TGGTTAGCTTTTTTGAATAAAATTGGGTGCATGATA   36  
1.5bppt-­‐‑nr-­‐‑25r12e   CGATCTGGTTTTGGGGTTTACCTTACCGTAAGCGAA   36  
1.5bppt-­‐‑nr-­‐‑23r12e   CCAACTTCGCGAAAGAGCAGATTCTACGGA   30  
1.5bppt-­‐‑nr-­‐‑21r12e   ACCGAGTGCTGACGCCGGAAGGGGGTTCCGGG   32  
1.5bppt-­‐‑nr-­‐‑19r12e   GATTTGGTGCCGTTCACTTCCCTTGTGTAT   30  
1.5bppt-­‐‑nr-­‐‑17r12e   CGAATATGTTTGATCTGACCGAAGCTGCTGGG   32  
1.5bppt-­‐‑nr-­‐‑15r12e   TTCTGGGTGAAGAGCAGGTCGAGGAATGGT   30  
1.5bppt-­‐‑nr-­‐‑13r12e   TTTATGTAAGGAAAAAAATACTGTGGATGAGG   32  
1.5bppt-­‐‑nr-­‐‑11r12e   ATGACACACGCAATGAGGCACTGCCACGAC   30  
1.5bppt-­‐‑nr-­‐‑9r12e   AATATATTGCGCTGGCGGCGCTGCCTGGCTGA   32  
1.5bppt-­‐‑nr-­‐‑7r12e   TTTACGGCTGGCAGCTGGATCTGCGTATGG   30  
1.5bppt-­‐‑nr-­‐‑5r12e   CAACAGTAAGCCTGCAGGAAGAGGTATCGACT   32  
1.5bppt-­‐‑nr-­‐‑3r12e   CTGCATGCAAGAAAACACTGGCTTCCTGAC   30  
1.5bppt-­‐‑nr-­‐‑1r12e   GACAGGAATTATCCGGAGAGGATGAGAGAGGT   32  
1.5bppt-­‐‑nr1r12e   TCTGGAACTGCAATCCCGAAACAGGTAGCCAC   32  
1.5bppt-­‐‑nr3r12e   ATTCCGCCTAGAGCCTGCATAACGCGCCCAGC   32  
1.5bppt-­‐‑nr5r12e   AGTGAGATTATCTGCACAACAGGTCCGGATCA   32  
1.5bppt-­‐‑nr7r12e   CTCAACGAATAATCGTGAAGAGTCGTGCTGAA   32  
1.5bppt-­‐‑nr-­‐‑23r13f   ACGCCATCCGTATTACGCCGCAGCACCTGATG   32  
1.5bppt-­‐‑nr-­‐‑21r13f   CGGGTCTTAGGCTGACCGGCTGGAGACGGCTC   32  
1.5bppt-­‐‑nr-­‐‑19r13f   GCTGGCGCTTCTGGGCGCGAACAGTGTTTGAG   32  
1.5bppt-­‐‑nr-­‐‑17r13f   AGCCCGTGGAGCTGGATACGCAGTTGCCGGGC   32  
1.5bppt-­‐‑nr-­‐‑15r13f   CATGGAAATGAAGGCGATGTATGCCCCGGAAT   32  
1.5bppt-­‐‑nr-­‐‑13r13f   CTGCATTGCTGCAGAACACGCAGCGGCACGGG   32  
1.5bppt-­‐‑nr-­‐‑11r13f   CCATGATGGCGTGATGGAGCAGATACTTTATG   32  
1.5bppt-­‐‑nr-­‐‑9r13f   CGCCTTTAGGGCAGACTCGCGGTGCCGTCAGG   32  
1.5bppt-­‐‑nr-­‐‑7r13f   CCTGGGATCGTTCATTCACGTTTTTGGAAGAG   32  
1.5bppt-­‐‑nr-­‐‑5r13f   GACACAGTATACCCCGTGAGTTACGTTACCTT   32  
1.5bppt-­‐‑nr-­‐‑3r13f   TCAGCAACATCCTGGCTGGATGCCAAGCCCGC   32  
1.5bppt-­‐‑nr-­‐‑1r13f   GAACTGCCGCGCTGGGATATTACGGATAGGCT   32  
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1.5bppt-­‐‑nr1r13f   AAGCCGCTCAACCCACCTGGTCACTAATGACA   32  
1.5bppt-­‐‑nr3r13f   GCCACAAACGCTGTGACGATGCTAGGTACT   30  
1.5bppt-­‐‑nr5r13f   TTGAATGCTATTCAAGGATGCCAGTGCGGATT   32  
1.5bppt-­‐‑nr7r13f   GCCACGGAGAAAGAGTGCGGAAGGGGCAAG   30  
1.5bppt-­‐‑nr9r13f   TTGACTTATTTTGCCAAAACAGAGCTGTCCGTGCGG   36  
1.5bppt-­‐‑nr-­‐‑25r14e   GGCTGGGATTTTTACGCAATAACGGCTACGCGCAGA   36  
1.5bppt-­‐‑nr-­‐‑23r14e   ATTGCCGCAGCTGCATCAGGATCCTGTTGC   30  
1.5bppt-­‐‑nr-­‐‑21r14e   AGCGGGAATTTTCCGGCTCAGTCATGGAACCC   32  
1.5bppt-­‐‑nr-­‐‑19r14e   GATTTTATATCTGGGCATCGGGTGGCAGCG   30  
1.5bppt-­‐‑nr-­‐‑17r14e   TTGAGAGTCCTTTTCCCGCGAGGTTCGCTGCG   32  
1.5bppt-­‐‑nr-­‐‑15r14e   GCCATTGGAGTTTGCCGAGGATTCCCACCC   30  
1.5bppt-­‐‑nr-­‐‑13r14e   TCGACACGACGTTGAGCGAAAACGTGCAGGAT   32  
1.5bppt-­‐‑nr-­‐‑11r14e   TTTTACAATTCGGGAAGGTGTGAGACCGGC   30  
1.5bppt-­‐‑nr-­‐‑9r14e   TGGAGGACACGGTGAACTGTTCGTCCTGAAAA   32  
1.5bppt-­‐‑nr-­‐‑7r14e   CGCGCCTACCAGTTCGTCGCGGGGGTGGAG   30  
1.5bppt-­‐‑nr-­‐‑5r14e   GGACATGGTCCGGATGGTCAGCCCACGGGTGG   32  
1.5bppt-­‐‑nr-­‐‑3r14e   GACGGGTCCGAACAATACCGGCGTGCGGCA   30  
1.5bppt-­‐‑nr-­‐‑1r14e   GCGGTGCGGTGCCGGTGTGCAGATGCACTGTT   32  
1.5bppt-­‐‑nr1r14e   ACCTTACCGTATGACGCTCTGGTGACGTATCG   32  
1.5bppt-­‐‑nr3r14e   GCATATCGGAAGAGTCAATCGCAGTACTACCG   32  
1.5bppt-­‐‑nr5r14e   GCGTCGGCGGTCACACGTTAGCAGGTTGTGGT   32  
1.5bppt-­‐‑nr7r14e   GTTGTCGATGGCAACATATTAACGAAATTTGA   32  
1.5bppt-­‐‑nr-­‐‑23r15f   CCGGGTGACCTGACTGCCCAGGAGTGACGGAC   32  
1.5bppt-­‐‑nr-­‐‑21r15f   AGGATACGGCAGCCTGACGGATGCGTCATGAA   32  
1.5bppt-­‐‑nr-­‐‑19r15f   CAGTCACTCTTTTGTGCGCTTGCACGGCACGC   32  
1.5bppt-­‐‑nr-­‐‑17r15f   TGGGTGTCTGATGCTTGAACCCGCCAGCCGTA   32  
1.5bppt-­‐‑nr-­‐‑15r15f   TACGCCCAGCATATTGCCAGCATGCATTATCG   32  
1.5bppt-­‐‑nr-­‐‑13r15f   CCAGTGCGGAAGAGTGACAGCAGAGATCCGAT   32  
1.5bppt-­‐‑nr-­‐‑11r15f   GGGCGGCGGAATCCGGGCTGCGACGGACACGC   32  
1.5bppt-­‐‑nr-­‐‑9r15f   CGAGCCAGTAAACCGCCCGCCTGGTTTGACTG   32  
1.5bppt-­‐‑nr-­‐‑7r15f   GCCATCGTCGTGAAACGATGGAGCTGACATAA   32  
1.5bppt-­‐‑nr-­‐‑5r15f   CAAAAGCGCGACTATCAGGAAATTGACATGAA   32  
1.5bppt-­‐‑nr-­‐‑3r15f   AGTGCCTGACCTACGAGAAAGAGTCAGTGCCG   32  
1.5bppt-­‐‑nr-­‐‑1r15f   CCGGTCGTAGCGGTGATGCTGATAACCGCCCG   32  
1.5bppt-­‐‑nr1r15f   AGCTTGAACGGGGAAATACCGTGGTGAAAGAA   32  
1.5bppt-­‐‑nr3r15f   GCAAGTGCAACTATCTGATGCAAGCGCATG   30  
1.5bppt-­‐‑nr5r15f   ATTGCCGTAACTCAGCCAGAACGACATTCGCC   32  
1.5bppt-­‐‑nr7r15f   ATGCAGAGTTCGGTATGGCTGCAACCACGG   30  
1.5bppt-­‐‑nr9r15f   TTGATATTTTTTCTGCTATGGGGATGGCGGTACTGA   36  
1.5bppt-­‐‑nr-­‐‑25r16e   GACGCTGGTTTTGGCGCAAAAGTACCGCGCCGGTCC   36  
1.5bppt-­‐‑nr-­‐‑23r16e   GCGACAGCTCACTGAACCTGCATTGGTGAA   30  
1.5bppt-­‐‑nr-­‐‑21r16e   TGGGATCAGATAACGGCTACTCCGTCAGGAGC   32  
1.5bppt-­‐‑nr-­‐‑19r16e   GGGTTTTGCTGCGGTATATCGCCAGCGATG   30  
1.5bppt-­‐‑nr-­‐‑17r16e   TGAGCCGCTCGTATGAGCAGCTTTCGCCACCA   32  
1.5bppt-­‐‑nr-­‐‑15r16e   ATCTCCCGATGAGCTACTCCACTGCAGAGC   30  
1.5bppt-­‐‑nr-­‐‑13r16e   GAGGAGGAAACGAGTCGTGGGCGTGAAGATGC   32  
1.5bppt-­‐‑nr-­‐‑11r16e   AGCATTTAAAATTCGTCGCATCCAAATGTG   30  
1.5bppt-­‐‑nr-­‐‑9r16e   GCCGGTCTATGTTTCTGTGCTGGCTGAACCCG   32  
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1.5bppt-­‐‑nr-­‐‑7r16e   GCAGGTCTCGCCGCGTGGTGACCCGGCGGG   30  
1.5bppt-­‐‑nr-­‐‑5r16e   CGCGGTGACGCTTCAGTTTTCAGGGCAGAAAT   32  
1.5bppt-­‐‑nr-­‐‑3r16e   ACTGAGTGGGGAACTGCGACTGTCAGCGAG   30  
1.5bppt-­‐‑nr-­‐‑1r16e   GTTCAGGAATGGCCATCGATGGTCTGTGGCAA   32  
1.5bppt-­‐‑nr1r16e   CAAGGTATGGAAATACTAAGGCAAAATCCCAA   32  
1.5bppt-­‐‑nr3r16e   AGGCTATCTCGCAACATTCGCTTACAAGCGCA   32  
1.5bppt-­‐‑nr5r16e   TAAGCACGAGTGCCGCGACGCCGGATGCAAAG   32  
1.5bppt-­‐‑nr7r16e   AAGCCGGAATTGCCATGGTACAGGGGGGGAGA   32  
1.5bppt-­‐‑nr-­‐‑23r17f   CACGACAGAATCAACAACTGTTTCTGGTGCCA   32  
1.5bppt-­‐‑nr-­‐‑21r17f   CGGCATCGCTCTCAGGAGGGCGAACGCGGCGC   32  
1.5bppt-­‐‑nr-­‐‑19r17f   TGGTCAGCTGCGTGATGCACTGGACCGCAGCG   32  
1.5bppt-­‐‑nr-­‐‑17r17f   CTCGGGGACTTGTTAACAGCACCGTATGGGGA   32  
1.5bppt-­‐‑nr-­‐‑15r17f   CCCGTCTGAGGAGGCCATTGATGCGACGCGAA   32  
1.5bppt-­‐‑nr-­‐‑13r17f   GGTGGACGCTGGATACCGAGGCTGAACCCCCG   32  
1.5bppt-­‐‑nr-­‐‑11r17f   CCGGCGGGCGGCATATACCGGCCTGCATTCTG   32  
1.5bppt-­‐‑nr-­‐‑9r17f   CGCTGACAGCAACCCGCCAGATGTGGCGCGCA   32  
1.5bppt-­‐‑nr-­‐‑7r17f   AACCGGTAACGTCCGGGAGACACTTGCAGGGG   32  
1.5bppt-­‐‑nr-­‐‑5r17f   CTGCAGTGGATGGCAACCCCTACATAACCCGG   32  
1.5bppt-­‐‑nr-­‐‑3r17f   CCTCCCGGTCACGCTGATTTACAGTGAACACA   32  
1.5bppt-­‐‑nr-­‐‑1r17f   GACAGGCTGGTGCTGCGCTGGAGAGAGCAAAG   32  
1.5bppt-­‐‑nr1r17f   CATTGATTGCGCAGTGTTCTGCGGGGCTCACA   32  
1.5bppt-­‐‑nr3r17f   AGACTCGAAAGTTTGCCAACCAACATCGAA   30  
1.5bppt-­‐‑nr5r17f   AAAAAGCCTCTTTGGTCATACGCCGTTATCTG   32  
1.5bppt-­‐‑nr7r17f   GCCACGGCGTGAAAGAAATCAAAATACGAG   30  
1.5bppt-­‐‑nr9r17f   TGTGATGGTTTTGCGAACGAATCAGCAACAGGTAAT   36  
1.5bppt-­‐‑nr-­‐‑25r18e   CTTCGCAGTTTTCATTATCCGGTGATGAGCACTCGC   36  
1.5bppt-­‐‑nr-­‐‑23r18e   GAGACTCGCCCGCAGTTATCAGGGTGTCCG   30  
1.5bppt-­‐‑nr-­‐‑21r18e   AATCCCGTCCGTGCTGCCGGTGTCGGCCAGCT   32  
1.5bppt-­‐‑nr-­‐‑19r18e   ACCGTCACGGACGCGGGCGCTGCTATGCGC   30  
1.5bppt-­‐‑nr-­‐‑17r18e   CTGATGAATGACCGGTTACAACGGGCCTTTAA   32  
1.5bppt-­‐‑nr-­‐‑15r18e   AGCGGTCCAACAGGCTGCCAGCGCTGCGTA   30  
1.5bppt-­‐‑nr-­‐‑13r18e   AGGTTGTGGCATTCTGCTCGATATAATCAACA   32  
1.5bppt-­‐‑nr-­‐‑11r18e   AAGGTGTATGGTGGCGGGGGCAGCGGCTGC   30  
1.5bppt-­‐‑nr-­‐‑9r18e   GGATGGACTCATCGCCCGTGTGCGGCCGTGCA   32  
1.5bppt-­‐‑nr-­‐‑7r18e   CCGGATGTGGGCGCTTGCCAACTTTGCCCA   30  
1.5bppt-­‐‑nr-­‐‑5r18e   ATAAGGTGCAGGTCAGTTGCTTGCGCGCAAAA   32  
1.5bppt-­‐‑nr-­‐‑3r18e   GTGGAAACGTCTGGTCACGCAGGAAGCCGG   30  
1.5bppt-­‐‑nr-­‐‑1r18e   GTAATTACCCATCGGCGTCATGATAAACCTAA   32  
1.5bppt-­‐‑nr1r18e   CGATACCGCAGGTACAGGGAGAAGTTTGCACA   32  
1.5bppt-­‐‑nr3r18e   AACCACTCAAGCGTAGCTAAATTTCAAACAAA   32  
1.5bppt-­‐‑nr5r18e   CACGTTCACGATGATGAGCGACTCTTCTGCGG   32  
1.5bppt-­‐‑nr7r18e   ACGGGATCTTCTGACTCTCTTTCCGCAATCAC   32  
1.5bppt-­‐‑nr-­‐‑23r19f   GCGACGGACACAACCGCCCAACTGTCCGCTGT   32  
1.5bppt-­‐‑nr-­‐‑21r19f   AGCCGGACTTTTTTTACGGGATTTAGCTATCC   32  
1.5bppt-­‐‑nr-­‐‑19r19f   GTTGCGGCTACCCTTCATCACTAACTCACAAA   32  
1.5bppt-­‐‑nr-­‐‑17r19f   TCCTCAACTGCCGGAACGGCAATCCTGTACGT   32  
1.5bppt-­‐‑nr-­‐‑15r19f   GAACAGGCGCCAGCGACGAGACGATATCCGTT   32  
1.5bppt-­‐‑nr-­‐‑13r19f   GTATGACCCCGTTATGAGGATGTGTTTACGCC   32  
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1.5bppt-­‐‑nr-­‐‑11r19f   GCCGCAGCACCACGCTGACGTTCTAGTGAATC   32  
1.5bppt-­‐‑nr-­‐‑9r19f   GTGACACTCATTCTTGCGGTTGCTCCGGATGA   32  
1.5bppt-­‐‑nr-­‐‑7r19f   GCACCGGCTGGGATGGCACCACCGGGCTTACC   32  
1.5bppt-­‐‑nr-­‐‑5r19f   CATCTGATGCTGGACACCTCCAGCAACATGCG   32  
1.5bppt-­‐‑nr-­‐‑3r19f   CCAGTGTAAGTGCGAAAGCGCCTGGGTCGAAG   32  
1.5bppt-­‐‑nr-­‐‑1r19f   AAACCTTTGGCTCATACCGCAACCCTTAAGGG   32  
1.5bppt-­‐‑nr1r19f   TAAAGCAGAATTCTGGCTAAAGCTAGGGCAAC   32  
1.5bppt-­‐‑nr3r19f   CTGGTGAGGCTGGTTCTTTAATCAAACTGG   30  
1.5bppt-­‐‑nr5r19f   CCACGCCGAAACGTTAATCACTGGAAGACCTG   32  
1.5bppt-­‐‑nr7r19f   TTTGGAAAAAATGATGATTGATGGATCGTG   30  
1.5bppt-­‐‑nr9r19f   CTGGAACCTTTTCTGGTTCAGAGCTGTAAATTAATC   36  
1.5bppt-­‐‑nr-­‐‑25r20e   AAATGAGCTTTTGCTGACGTTACTGACGAGCCACTG   36  
1.5bppt-­‐‑nr-­‐‑23r20e   CGATGTAGGGCGAGAACGCCAGTGACCAAA   30  
1.5bppt-­‐‑nr-­‐‑21r20e   TGTGCGGCGTGAACGCGCAGATCATGCACGTA   32  
1.5bppt-­‐‑nr-­‐‑19r20e   TTAACTTAGAAAACAGCCGCATATGCGATC   30  
1.5bppt-­‐‑nr-­‐‑17r20e   ACCGCGTTTGTGAGGAGGCTCACGCGGACTGG   32  
1.5bppt-­‐‑nr-­‐‑15r20e   GGAGGCTACGCGTGCTGGCAGACAGTGTAC   30  
1.5bppt-­‐‑nr-­‐‑13r20e   GGCACGTTGTGAAAACGGCCCGCCGTCCGTGC   32  
1.5bppt-­‐‑nr-­‐‑11r20e   GACCAGCACCACAGAGTGCACATTGCGCAG   30  
1.5bppt-­‐‑nr-­‐‑9r20e   GCCGTTGGGCGCTGGATCGTCTGAGCAGTCCC   32  
1.5bppt-­‐‑nr-­‐‑7r20e   GGTTGCGACCGCTGGCTGCAGGGCCATCTT   30  
1.5bppt-­‐‑nr-­‐‑5r20e   CCGCTGATGCCGTTAACGATTTGCCGGCAGCC   32  
1.5bppt-­‐‑nr-­‐‑3r20e   CGGATTGAGGGATGTTTATGACAACAGGGT   30  
1.5bppt-­‐‑nr-­‐‑1r20e   AGTGACCCACCCATTACCAGCCGCCTTGCCCA   32  
1.5bppt-­‐‑nr1r20e   GACAAAGAATGAACTTCCGTTAATATGTATAT   32  
1.5bppt-­‐‑nr3r20e   TGGCGGTGCAAAGATAAAAAATATAGCAGTGA   32  
1.5bppt-­‐‑nr5r20e   GAGCGTGGATTATCCCTTTGACGAGGCGCGGA   32  
1.5bppt-­‐‑nr7r20e   CCATGAGCGCCAGTTGATCATCAGCTCACAAA   32  
1.5bppt-­‐‑nr-­‐‑23r21f   TTCTGCGTTGCCGGACAACACGATGCACCTAT   32  
1.5bppt-­‐‑nr-­‐‑21r21f   CTTCACCATACGTGGAAAACGGCGACAGCGCG   32  
1.5bppt-­‐‑nr-­‐‑19r21f   TTCCGGGAGCGATGTGGCCATCGTACCCGAAA   32  
1.5bppt-­‐‑nr-­‐‑17r21f   TTCGCCGAGGCAAAGCGGTGTCCTGGCGCGTG   32  
1.5bppt-­‐‑nr-­‐‑15r21f   CCCGTGGCATTCCGAGCTGGAGACCGCTGATG   32  
1.5bppt-­‐‑nr-­‐‑13r21f   GGGATATGAAGGAGAAGCTGGATACGTGTCCG   32  
1.5bppt-­‐‑nr-­‐‑11r21f   CGCAGATGGCTGGGCGCTGTTCCGTCGGGGCC   32  
1.5bppt-­‐‑nr-­‐‑9r21f   AGATCCGCGTGGTGAATATCATCGATGACGAA   32  
1.5bppt-­‐‑nr-­‐‑7r21f   GCCGCCGTATATCGAAGCCTACGCCTCGCTGG   32  
1.5bppt-­‐‑nr-­‐‑5r21f   TGACGAAGCGTGACAAGTCCACGTAGCCTGAC   32  
1.5bppt-­‐‑nr-­‐‑3r21f   AGATGCAGTCACGCAGTCCGGCGGCCGTGTGG   32  
1.5bppt-­‐‑nr-­‐‑1r21f   CAAATACAGTGGATATGGGCCGCAGACACGGA   32  
1.5bppt-­‐‑nr1r21f   GGATGCTAATTTGGGTAGTTGGCGCTTCGATC   32  
1.5bppt-­‐‑nr3r21f   ATACGATTCGAAAAAATTGATGGGTGAGGC   30  
1.5bppt-­‐‑nr5r21f   CTTATCTCATCGCGGATGGAGTGAATTCCAGA   32  
1.5bppt-­‐‑nr7r21f   GTGCAGAGCACGCCATCGTCAACTCAGACA   30  
1.5bppt-­‐‑nr9r21f   ACATTCCCTTTTGAAAATACGTTGATGAAGTCGCGG   36  
1.5bppt-­‐‑nr-­‐‑25r22e   GGAACACTTTTTAGAAATTTAAGTTTGACTGGCGGC   36  
1.5bppt-­‐‑nr-­‐‑23r22e   AACTTCCCTCTTTTTCCGTGAGTTTTATGT   30  
1.5bppt-­‐‑nr-­‐‑21r22e   CCGGACAGCGGAGAAAGTCTATCTAGGCCGCC   32  
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1.5bppt-­‐‑nr-­‐‑19r22e   ATGTATGCTGGTAAACATGGCGAGCATCGT   30  
1.5bppt-­‐‑nr-­‐‑17r22e   AAGACCTGTTGTTTCCGGTGAGGTAAAAACGG   32  
1.5bppt-­‐‑nr-­‐‑15r22e   GGCTCTAGGCTCCACCTCTGAACTCTGGCC   30  
1.5bppt-­‐‑nr-­‐‑13r22e   AAGCCGTCTCAAGCCGAAGCATGAACAAGTCC   32  
1.5bppt-­‐‑nr-­‐‑11r22e   CCGAAAGACCCTGCGTCGCCTGGCTGACCA   30  
1.5bppt-­‐‑nr-­‐‑9r22e   CCAGCGGTAGAATCTGGCGGACCCACGGTGCT   32  
1.5bppt-­‐‑nr-­‐‑7r22e   ACCGACGCGCATCATCATGCAGCGTAAGCT   30  
1.5bppt-­‐‑nr-­‐‑5r22e   GGAGCAAGAGCTGGCCATTGCTCACAATGACC   32  
1.5bppt-­‐‑nr-­‐‑3r22e   AATAACAGCAGTTTCTGCCGTGGCGCCCGG   30  
1.5bppt-­‐‑nr-­‐‑1r22e   CGGTTGAGCCATGACCGGTGAAGCATCTGCAC   32  
1.5bppt-­‐‑nr1r22e   ACCGAAATCACGAACCTGATGAACTCGATTAC   32  
1.5bppt-­‐‑nr3r22e   CGCTATTAGGATTCGACAACAAAACTGCTTAA   32  
1.5bppt-­‐‑nr5r22e   CATGGTTCGGTGGGCGATTTGGTTGCTTATCA   32  
1.5bppt-­‐‑nr7r22e   GGAAAATGAACGTTGAATGCCTGGCGTGGAAA   32  
1.5bppt-­‐‑nr-­‐‑23r23f   GGCTGCATGGTGATACGTGGTGTTACAGGGCG   32  
1.5bppt-­‐‑nr-­‐‑21r23f   AAGGCATTCCACCATTACATCCGGTCCCTGTT   32  
1.5bppt-­‐‑nr-­‐‑19r23f   AACTGGGTTGAAACGATACGCGGGGCTGCGGC   32  
1.5bppt-­‐‑nr-­‐‑17r23f   AGTTCACCACCTGTTCGATGCTGCGAGGAAAA   32  
1.5bppt-­‐‑nr-­‐‑15r23f   CTGCTGGCAATAACGGGAGGCGCTGGATGATG   32  
1.5bppt-­‐‑nr-­‐‑13r23f   TACAACTGGAAATGACAGAGCGCGGGACGGGG   32  
1.5bppt-­‐‑nr-­‐‑11r23f   ATTGTTTCCGGCGTTTCGTGTCTCCCGCTGAA   32  
1.5bppt-­‐‑nr-­‐‑9r23f   AGATGAACGATGAACCTGTGGCATGTCTTGAG   32  
1.5bppt-­‐‑nr-­‐‑7r23f   GTGAACAAAGCTGCATACTGATGCATCAGCAA   32  
1.5bppt-­‐‑nr-­‐‑5r23f   GGGGACGATCTGAACTGGTCACGGCAATGGCC   32  
1.5bppt-­‐‑nr-­‐‑3r23f   CAGAGCTGCAGCGCAGCCGGATACATATCGCA   32  
1.5bppt-­‐‑nr-­‐‑1r23f   TGAAACTGGTGCTGACCGGACATGAGACAAAG   32  
1.5bppt-­‐‑nr1r23f   TCAAAGACTCAAGGCAGAGTACCATCTCAGCC   32  
1.5bppt-­‐‑nr3r23f   CGCATGACCATCGCTGGACTATCATCCCAA   30  
1.5bppt-­‐‑nr5r23f   CATGCTCGCAGTAGACGAAATCGAACTACACG   32  
1.5bppt-­‐‑nr7r23f   GAAGTAGCGTCGAACTGATTAGCCTAAGAC   30  
1.5bppt-­‐‑nr9r23f   TACGGTCAAGCACAAAAGCGGAAATGACCAAA   32  
1.5bppt-­‐‑nr-­‐‑25r24e   CCCTGAAATTTTCAGGCACGCGGTCTGCGGTGCTGG   36  
1.5bppt-­‐‑nr-­‐‑23r24e   CAGGTGCTCAGGATGCGGACGCTCAAAAAG   30  
1.5bppt-­‐‑nr-­‐‑21r24e   AACGTCAGAACGCCTCTGCCCGTTCGTGTATT   32  
1.5bppt-­‐‑nr-­‐‑19r24e   GCGCCGAGACCACCGGCGATCCATAAGGGG   30  
1.5bppt-­‐‑nr-­‐‑17r24e   TTTCGATAATGATTCAGTCAGCACAGCGGTGA   32  
1.5bppt-­‐‑nr-­‐‑15r24e   AGAATGCTGACCCTGATGAGTTCCCGTCGT   30  
1.5bppt-­‐‑nr-­‐‑13r24e   TGGCAGCCGCGTAATCATGGCCCTTTCCTTCA   32  
1.5bppt-­‐‑nr-­‐‑11r24e   CCGGGAATCTGTGGAGGAGTCCTGTTCGAT   30  
1.5bppt-­‐‑nr-­‐‑9r24e   CCACGCGGTGATTGCCCGTCTCCGGCTGAACG   32  
1.5bppt-­‐‑nr-­‐‑7r24e   CTGGTGACTGAACCGTGATGTCATGACCCG   30  
1.5bppt-­‐‑nr-­‐‑5r24e   TGGATACGAAGAAGAACTGGCGCTCACGGAGT   32  
1.5bppt-­‐‑nr-­‐‑3r24e   GTGGGATAAAGAGGAGCTTGATGTGAGGAG   30  
1.5bppt-­‐‑nr-­‐‑1r24e   GGGAAAATCCGGTCAGGACACCCCACAGAAAC   32  
1.5bppt-­‐‑nr1r24e   CAAGGCGACTGCGAAATAGCAGAACAGCAAAT   32  
1.5bppt-­‐‑nr3r24e   ATAACCGCGTTCTCAGTAAAAACCAAGAGATG   32  
1.5bppt-­‐‑nr5r24e   GCAGGAAGTTGAAGCATACGGAAAGACGTTCT   32  
1.5bppt-­‐‑nr7r24e   CGTATCGCACGCAGACTGAAATGTTAAAGACG   32  
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1.5bppt-­‐‑nr9r24g   ATGAACGCAATATTCACAAGCAATCGAGCG   30  
1.5bppt-­‐‑nr11r24g   GACAACTGCTGCGGCACCTCAACTTCAGAAGC   32  
1.5bppt-­‐‑nr13r24g   CGTCTGCTCAGTGGGATGCCGGAGTGAGCA   30  
1.5bppt-­‐‑nr15r24g   CGACTTACCATGTATCTCGTGCGGTCCGAATA   32  
1.5bppt-­‐‑nr17r24g   CCGTAAACGCCTTCATCAGAGAAATGGCTA   30  
1.5bppt-­‐‑nr19r24g   CCGCAGTTACTGGATTAAACAAGCACGATGAA   32  
1.5bppt-­‐‑nr21r24g   AACTTAAGATTCGAAAACTCGCCTTCGCTA   30  
1.5bppt-­‐‑nr23r24g   ACGACGACGAGAGGAGCAGAAACAGTGGAACC   32  
1.5bppt-­‐‑nr25r24f   TTGCGGAAAAAGCAGCAAAAGAAC   24  
1.5bppt-­‐‑nr-­‐‑23r25f   TGCGCGTTGGGCTATGCGCTGCAGCATACTGA   32  
1.5bppt-­‐‑nr-­‐‑21r25f   TGTCCGGAGGATACGGCGTGAACGCACTGGAG   32  
1.5bppt-­‐‑nr-­‐‑19r25f   GTGGAGACGCTGACCACGGCGTTTTTTGATGG   32  
1.5bppt-­‐‑nr-­‐‑17r25f   TTTCTGGGTTGATGTGGTGAAAATCGGATTTT   32  
1.5bppt-­‐‑nr-­‐‑15r25f   GCGGAAGTGCAGCGTGTGGCTGGGGGCGCTGA   32  
1.5bppt-­‐‑nr-­‐‑13r25f   CGTACCGCAGCAACTGAAAAATGGGCGATACC   32  
1.5bppt-­‐‑nr-­‐‑11r25f   AGGGGGATGGGTAACCGTCGTATTGTTTTCCT   32  
1.5bppt-­‐‑nr-­‐‑9r25f   CAGGCCGTCCCTGAAAGGTGGCGGAGCTGGAT   32  
1.5bppt-­‐‑nr-­‐‑7r25f   AACGGCGGCCGCAGGCGTCGTAAACCGGTGAT   32  
1.5bppt-­‐‑nr-­‐‑5r25f   ATTAACCGAGCTGGGTAATGCGCGATTTGATC   32  
1.5bppt-­‐‑nr-­‐‑3r25f   GTCGGCGTCAAAGTTAACCGGGGGGACTACCG   32  
1.5bppt-­‐‑nr-­‐‑1r25f   GTACGCCGGGGCCACGGTCAAAAAGGAGTTCA   32  
1.5bppt-­‐‑nr1r25f   CGCACCAGAACTGCAAATACCTTCAGGGCCAG   32  
1.5bppt-­‐‑nr3r25f   AAGAATCTGCGACGAAGTATCACATTCAGA   30  
1.5bppt-­‐‑nr5r25f   GCTCACCTACCGCAGGAAAAGGAGTTATCGAT   32  
1.5bppt-­‐‑nr7r25f   GTCGTGCGGTGAAAGAACACCAATACGTCG   30  
1.5bppt-­‐‑nr9r25f   ATCGAAGTTCAACCTTACTGGAATTAAAACTC   32  
1.5bppt-­‐‑nr11r25f   AGCTTTAAAATGCAAAGAAGATAGACCATT   30  
1.5bppt-­‐‑nr13r25f   TGCATGTGAAGCTGCATGATGCGAGGATTGGC   32  
1.5bppt-­‐‑nr15r25f   CTGCTGCGGGAGGGCAGCTTGATCTAAAGC   30  
1.5bppt-­‐‑nr17r25f   GCTCGATGCCGGCTCTTGTTCTGACTGAACTG   32  
1.5bppt-­‐‑nr19r25f   AACCAGCGCAGGACATGGTACGACTCGCAT   30  
1.5bppt-­‐‑nr21r25f   TGCCGGGATGTATTCAGAAAATGATGCAAATA   32  
1.5bppt-­‐‑nr23r25f   ATCAGTGGGGAAGAATGTCGCTGTTCTGCA   30  
1.5bppt-­‐‑nr25r25f   AAGATAGCATCGGGAAACGCCAAAGACTTGCC   32  
1.5bppt-­‐‑nr27r25f   GCGAAAAATTTTGTCATCACGGGATCCCGTGTTT   34  
1.5bppt-­‐‑nr-­‐‑25r26e   GAGGATGGTTTTATATCAGCTATGCCGGTTTGATGA   36  
1.5bppt-­‐‑nr-­‐‑23r26e   AAGAGCTGAAGGCTCCAGCCCGTGAGCAGT   30  
1.5bppt-­‐‑nr-­‐‑21r26e   TATTGAGCCTGATGAGGTGCGGCATACATGGG   32  
1.5bppt-­‐‑nr-­‐‑19r26e   CGGTGCCACGCTGACCATCGGTCATTGCCC   30  
1.5bppt-­‐‑nr-­‐‑17r26e   TTACCCCATAGATCGGGTTTCGCCGTGGCTGA   32  
1.5bppt-­‐‑nr-­‐‑15r26e   ATGTCATTGTCATCTCTGGCTTGCCTGGCC   30  
1.5bppt-­‐‑nr-­‐‑13r26e   GTTTATTCCTGCCGTTAACCGTCGTGCCGGTG   32  
1.5bppt-­‐‑nr-­‐‑11r26e   TTGTGGTGTATGGCCATAAAAGTTGTGCTG   30  
1.5bppt-­‐‑nr-­‐‑9r26e   GCGTTCATTGAAAACCTCAGCCGTACTTCACG   32  
1.5bppt-­‐‑nr-­‐‑7r26e   TTTCGCGTGCCTGGTGCCGCCGTCGTGGCA   30  
1.5bppt-­‐‑nr-­‐‑5r26e   CGTAATCACGTTGCTTCATCCGCGCGTGATTC   32  
1.5bppt-­‐‑nr-­‐‑3r26e   CCAGAATCACAGGTTGCCCGTGAAAATGAG   30  
1.5bppt-­‐‑nr-­‐‑1r26e   GCTGAAAAGAAACTGGTAAAGGAACAACGAAA   32  
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1.5bppt-­‐‑nr1r26e   TCTGCGAAAAATAAACCCAAGCCAGAAGAGTG   32  
1.5bppt-­‐‑nr3r26e   GCGAGACAGACGTAAAAACCTTCAATCAAACC   32  
1.5bppt-­‐‑nr5r26e   TTACCACTGTGGGATATCCGGTGGCGCATCGG   32  
1.5bppt-­‐‑nr7r26e   TCTCCGGTAGGAAAACAAGGTGATTCTCGTTC   32  
1.5bppt-­‐‑nr9r26e   CGACCAAATACGAACAAGAAAGCGTGCGTGGTGTGCAACC   40  
1.5bppt-­‐‑nr11r26e   GTGCGGTGCGTGCGCTAACTGCGGCCGATTTA   32  
1.5bppt-­‐‑nr13r26e   CGGGAGGGCTGGAAGTTCACGTGTCATTACCG   32  
1.5bppt-­‐‑nr15r26e   AAATATTTCAGAACTGATGAGCGAAACGCTCA   32  
1.5bppt-­‐‑nr17r26e   ATTCGATACACGAGGAAGAAGATGAGAGACCG   32  
1.5bppt-­‐‑nr19r26e   CCCTGTATCGAAGACGATGTAAAACCAACAAG   32  
1.5bppt-­‐‑nr21r26e   CGCGAAAAATGGTTTCACCCTGCATTAAAGCC   32  
1.5bppt-­‐‑nr23r26e   TGTACCGATGGTGCTCTCCAGAGTGAAAGATA   32  
1.5bppt-­‐‑nr25r26e   TGACGGACACTCGAACGACGAAGTGAGAAGAA   32  
1.5bppt-­‐‑nr-­‐‑23r27f   ACTCCGTGGCACGGTCGATGTGTTTGACGGCG   32  
1.5bppt-­‐‑nr-­‐‑21r27f   AAGCATGAACCCGTGCCTATAAAAGAAAGTCA   32  
1.5bppt-­‐‑nr-­‐‑19r27f   TCGCCCCGAGGCGCTGCTGGCGTGCAGAAGAT   32  
1.5bppt-­‐‑nr-­‐‑17r27f   CCGGCAGTCTGGCGTGGATGCCCGCGGCATGA   32  
1.5bppt-­‐‑nr-­‐‑15r27f   ATACACGGGGCAGAAATCTGCCGGTGGTGAAA   32  
1.5bppt-­‐‑nr-­‐‑13r27f   TGGCAGGCGAAGATGCAGACTGGAGGCCTTCC   32  
1.5bppt-­‐‑nr-­‐‑11r27f   GCCTGCTCCTGAGTCCTATGACGAGCTTTCGT   32  
1.5bppt-­‐‑nr-­‐‑9r27f   GCGTGGATGTTAAAGACCTGACGCAGCCACCG   32  
1.5bppt-­‐‑nr-­‐‑7r27f   GAGCGATATTTCAGACGTTGACTGCCGTGAAC   32  
1.5bppt-­‐‑nr-­‐‑5r27f   ACCAGTATAAGGGGAGCGGTGACCCATTCCGG   32  
1.5bppt-­‐‑nr-­‐‑3r27f   GCGCGACGTGAAAGGTGCCGGGACCTGCGGTT   32  
1.5bppt-­‐‑nr-­‐‑1r27f   GCCGATCTGCTATGCCTGTACCAATTAATCCG   32  
1.5bppt-­‐‑nr1r27f   TATACGGTCCGGAGCTTGGACAGCTATGAAAT   32  
1.5bppt-­‐‑nr3r27f   CGCGAATGACCGCTCACCGTATTAGGAAAG   30  
1.5bppt-­‐‑nr5r27f   ATGGTAAATTTGTCAGGGAAGTTGGAGTGTCG   32  
1.5bppt-­‐‑nr7r27f   GCGGCGCGTACAGGTTGTGAACAATTGGCG   30  
1.5bppt-­‐‑nr9r27f   GTTCCCTTGCAGGTAAAGACGTGCTCTACATT   32  
1.5bppt-­‐‑nr11r27f   TCGGGCGATTTGCTCTGGCTAATGTAATCG   30  
1.5bppt-­‐‑nr13r27f   ATCAGAGCGTTAGTTTCTCCGGTGGGAAGTCA   32  
1.5bppt-­‐‑nr15r27f   CAAAGCCTGATGGGGAGACAGGGGATCTCC   30  
1.5bppt-­‐‑nr17r27f   TCAGACTTCGAAGCGAGACTGGCTCGCAGTAC   32  
1.5bppt-­‐‑nr19r27f   GGTGGAAGTCGGTACAGAGCGTGAACCAAT   30  
1.5bppt-­‐‑nr21r27f   CCGGAACAATTTGCGGAGCTATTACCGCAGCT   32  
1.5bppt-­‐‑nr23r27f   TTAAAAAAGCCAGTCAACCAGCACCTGCTT   30  
1.5bppt-­‐‑nr25r27f   TGCAAAGATAACCTTGCCGGGAATATGGCATG   32  
1.5bppt-­‐‑nr27r27f   TTAATGAGTTTTCCGCAGCATTAAAGCGGAAGTG   34  
1.5bppt-­‐‑nr-­‐‑25r28e   GGGTCAGCTTTTTAATAAAGCGATGAAACATCAACT   36  
1.5bppt-­‐‑nr-­‐‑23r28e   CCGAACGCAGCCGTACTGGATGTCTTCCGA   30  
1.5bppt-­‐‑nr-­‐‑21r28e   AAGGCGATCACCGGGGCGACGTTTAAACAAAA   32  
1.5bppt-­‐‑nr-­‐‑19r28e   GGGCAGCCTGTTTTTGATGAGGCCCGATGG   30  
1.5bppt-­‐‑nr-­‐‑17r28e   GCTTCACGTGCCGTTTATCTCACCAAAAACCG   32  
1.5bppt-­‐‑nr-­‐‑15r28e   GGGCAGGGCGAAGAGCTGGACACCGGTGGC   30  
1.5bppt-­‐‑nr-­‐‑13r28e   TCGATGATGGAGCTGCATATCGAACCCGGCGC   32  
1.5bppt-­‐‑nr-­‐‑11r28e   CTGACCGAGGTGCCGGATTCAGCAGCGTGC   30  
1.5bppt-­‐‑nr-­‐‑9r28e   TGGCAAAAGGAGTCCCGGATTTATAAGGGGCA   32  
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1.5bppt-­‐‑nr-­‐‑7r28e   AATCCGCTCCCGGCACTGTCAGGGTTGTCC   30  
1.5bppt-­‐‑nr-­‐‑5r28e   GGGTTTATGGTGGCCAGCGGCTATGATTTGCC   32  
1.5bppt-­‐‑nr-­‐‑3r28e   ATGCCGGATGATGCGGGCTTGTTCCGCAGG   30  
1.5bppt-­‐‑nr-­‐‑1r28e   GTGAGGACGACTTATGTCATTACCCAAATGGT   32  
1.5bppt-­‐‑nr1r28e   ATATCAACATGGGAACCAAAGGATCGACATAA   32  
1.5bppt-­‐‑nr3r28e   TGGGATATCCTGTTCTGAAGCCATGACGTGTG   32  
1.5bppt-­‐‑nr5r28e   CATATCGGGAAATATGGCACTCCACAGGGGTG   32  
1.5bppt-­‐‑nr7r28e   TTCATGGATTCTGCACTGACAGATCGATGGTG   32  
1.5bppt-­‐‑nr9r28e   AGCGACGGCACCAAATACTGTGATACCGCTTC   32  
1.5bppt-­‐‑nr11r28e   TCAGCATAGGGAATTACACCACGTTGTTATCG   32  
1.5bppt-­‐‑nr13r28e   TAAATGTCTGATGAACCGAAGCGGTTCGACTT   32  
1.5bppt-­‐‑nr15r28e   GAAAGCGAGGAATCAGATATCTTGGTCATGCG   32  
1.5bppt-­‐‑nr17r28e   TGGTCAGATGAGAAGGAAGATATCGCTAAAAG   32  
1.5bppt-­‐‑nr19r28e   ACAGGCATCAACAACCATTCGATTTTATCAAG   32  
1.5bppt-­‐‑nr21r28e   GTAGGCGATCTCGGTAACTGCATAGACGGTAT   32  
1.5bppt-­‐‑nr23r28e   GGTAATAGTCAACGCAAAAAATCGGGAGATTA   32  
1.5bppt-­‐‑nr25r28e   GTTGTTCCTGAGGAGGGATTGCAGCATGTGCG   32  
1.5bppt-­‐‑nr-­‐‑23r29f   AAGGAAGTGGGCCCGCAGAGCCTGGTTTTGCC   32  
1.5bppt-­‐‑nr-­‐‑21r29f   CCAATGTGGAATAATGCCCCTGAAGCGACCCG   32  
1.5bppt-­‐‑nr-­‐‑19r29f   CGCAGCACTACCGGCTGTCTGGTATGTCATCC   32  
1.5bppt-­‐‑nr-­‐‑17r29f   CCGTGACGGGAGGCAATTTCTCATCTTTTACA   32  
1.5bppt-­‐‑nr-­‐‑15r29f   GGGCAGAGATTGAGCAGGAAGTGCTGCTGGAT   32  
1.5bppt-­‐‑nr-­‐‑13r29f   AGCCGGAGGATGCCGTCCATGAATCACCGTGC   32  
1.5bppt-­‐‑nr-­‐‑11r29f   GCGGTGTCTCCCTGTGGCATAACCATATGCAT   32  
1.5bppt-­‐‑nr-­‐‑9r29f   TGTCGGTCCATCAGAACCGGCGCGCCGGCGCG   32  
1.5bppt-­‐‑nr-­‐‑7r29f   GGCGTTGCGACAGCAACCGGAAGTATGTGCTG   32  
1.5bppt-­‐‑nr-­‐‑5r29f   TTGTATCCGATGAAACGGCAGGCACGGAGGTG   32  
1.5bppt-­‐‑nr-­‐‑3r29f   GCAGAAATTCAGCCCTGCAGCGCAAAGTTATC   32  
1.5bppt-­‐‑nr-­‐‑1r29f   GAGAGTCATAACGGTGTGACCGTCCATGACGG   32  
1.5bppt-­‐‑nr1r29f   GTTTGCTAGGTCTGGCGAACGGTGCCGAATCA   32  
1.5bppt-­‐‑nr3r29f   ATGAGCACCACGGGCAGGTCTTCCGTCGGA   30  
1.5bppt-­‐‑nr5r29f   CCAGAGTGAACCAGCATAAATCAGACGACGAA   32  
1.5bppt-­‐‑nr7r29f   GTATATGGCGGACGTTGCCGCGCCAGATCA   30  
1.5bppt-­‐‑nr9r29f   ACTGAGCTTTACCTGGGGACGCATTGGCAACT   32  
1.5bppt-­‐‑nr11r29f   CAGGCCTTAGTGTATGACGGGCAGACCAGA   30  
1.5bppt-­‐‑nr13r29f   TGAAAAAAAAATCAAAGCTAAGTTAGTGGGTT   32  
1.5bppt-­‐‑nr15r29f   AGCACATCAATCGTGCACAGGCTACCACGA   30  
1.5bppt-­‐‑nr17r29f   AGCAAATCAACAACTTCCTGTCATGCGTAGCC   32  
1.5bppt-­‐‑nr19r29f   CGTAGTAAAACCGTGGTGAGGCGCCATCAC   30  
1.5bppt-­‐‑nr21r29f   TAGACCAACAGATGAGCTTGTCCAGGGAAGAA   32  
1.5bppt-­‐‑nr23r29f   AGGTGACGCTTACTGATGCGGAAAACGTCA   30  
1.5bppt-­‐‑nr25r29f   GTCGCTGGCCAACCTGTATCAGAAAGTATTGC   32  
1.5bppt-­‐‑nr27r29f   TGTGTTTATTTTTGGAAATCAAACGCGGCGGAGT   34  
1.5bppt-­‐‑nr-­‐‑25r30e   GGAAAGTGTTTTAGTATCGGTAAGGCGGCCGTGGCT   36  
1.5bppt-­‐‑nr-­‐‑23r30e   GGACGCCGATCACCCGCACGGTTCCGCTTC   30  
1.5bppt-­‐‑nr-­‐‑21r30e   TTTGTGGTGGACGTCCGTCGATGGGTTTAATG   32  
1.5bppt-­‐‑nr-­‐‑19r30e   CGTGGTGGGTAACAGCGGCAACGAGAGCAG   30  
1.5bppt-­‐‑nr-­‐‑17r30e   TGGCCCACCCTGCCAGCACCTCGGAGATACCA   32  
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1.5bppt-­‐‑nr-­‐‑15r30e   TAAACAGCACCACGCTGACCGTCTGCGACC   30  
1.5bppt-­‐‑nr-­‐‑13r30e   AAGACGCAGGCGTAACCGACAAGACAGCTATC   32  
1.5bppt-­‐‑nr-­‐‑11r30e   GGCGATGTGCGGATAAAACAAACCGGCGAA   30  
1.5bppt-­‐‑nr-­‐‑9r30e   GAAGACGCAGTGGTATGACCATCAGTCGCGTC   32  
1.5bppt-­‐‑nr-­‐‑7r30e   GGAGTCATGCAGGCAAGGTCAACTTACGCG   30  
1.5bppt-­‐‑nr-­‐‑5r30e   CTCGCCCTGGTAATGGTGAGTTTGCACCCTGT   32  
1.5bppt-­‐‑nr-­‐‑3r30e   TGAACTGTACCGTCACCGCCAGATCCTACA   30  
1.5bppt-­‐‑nr-­‐‑1r30e   TTTGAACAGCGATGTTCCTGAAAATATTACCG   32  
1.5bppt-­‐‑nr1r30e   GAAGGTAACCAGGGAAGAACGGGAGCAGGTTG   32  
1.5bppt-­‐‑nr3r30e   TAAAATGGGAACCTGGTTTTTAAGTGAAGTTC   32  
1.5bppt-­‐‑nr5r30e   GCAACAGTCCGCGATGAAACGGGTTCCAATGA   32  
1.5bppt-­‐‑nr7r30e   CTGTGCGCAGTTAAAAGATGACCAATTACGTT   32  
1.5bppt-­‐‑nr9r30e   ATTATTCAAATAACAGGCCTGCTGGGAGCAAA   32  
1.5bppt-­‐‑nr11r30e   AAGGAGCATTTATTTGGGGGAGAGGCAGGACG   32  
1.5bppt-­‐‑nr13r30e   GATCGCAGCTAACCTTTGAAATTCCTGCATGA   32  
1.5bppt-­‐‑nr15r30e   GACCTCTAAGCAAAACGCTATTCACTGGAGTG   32  
1.5bppt-­‐‑nr17r30e   ACCAGTAACTTCCAGACCCAACCAGCGTTAAG   32  
1.5bppt-­‐‑nr19r30e   CGAGAATTCCATTCAGGAACGCAAGAGCTTAT   32  
1.5bppt-­‐‑nr21r30e   TAAGGCCGAACAGGAAGCTATGGGGGATGCGT   32  
1.5bppt-­‐‑nr23r30e   CCAATGCGTCTCTCGTCAGGTTGAGGCTTTGT   32  
1.5bppt-­‐‑nr25r30e   GCTGGTTACTGGATGCAGAAAGCTAGCAGGAT   32  
1.5bppt-­‐‑nr-­‐‑23r31f   CTGAAACTCAGGGGGCTTGCCGGTGCTGGCGG   32  
1.5bppt-­‐‑nr-­‐‑21r31f   ACTGGCGTAGGACTCCTTCGGCGGGCCTGGTA   32  
1.5bppt-­‐‑nr-­‐‑19r31f   ACGGAGTAGCTGATCCTGCTGCAATTTCAACA   32  
1.5bppt-­‐‑nr-­‐‑17r31f   GTACCCATCCACGCAGCTTGCAGGCAGGCGGG   32  
1.5bppt-­‐‑nr-­‐‑15r31f   ATGCACTTGCGTATGCTGCCTGCACCTGTCCA   32  
1.5bppt-­‐‑nr-­‐‑13r31f   TCAGCCTGGGATTTCCGTCGGGCAACGTTTAA   32  
1.5bppt-­‐‑nr-­‐‑11r31f   CCGCTGGAGAGCCGACAGGCGCTGACTGGTTA   32  
1.5bppt-­‐‑nr-­‐‑9r31f   AGGCTGACAAAAAACAGCGGCAGTCAGATTGC   32  
1.5bppt-­‐‑nr-­‐‑7r31f   ATGCAGAAGCGTCATTTTTCTGGTTTTCTCCT   32  
1.5bppt-­‐‑nr-­‐‑5r31f   TCCGCTTTCCAGATTTGACGAGCAAAGGTCGC   32  
1.5bppt-­‐‑nr-­‐‑3r31f   CCCGCTTCCGATCTGGTCGTTGATAGACCCGA   32  
1.5bppt-­‐‑nr-­‐‑1r31f   AGGATGACAGGAGGAGTCCGGTATCGCCAGTT   32  
1.5bppt-­‐‑nr1r31f   GTTAACTTATGAAAAACATCGCCGTATCAGAA   32  
1.5bppt-­‐‑nr3r31f   TCGCCAACCAAACACAGACTGGATATCAAA   30  
1.5bppt-­‐‑nr5r31f   AAGCCGCACGTGACAGCCAGCAAACGCAGATC   32  
1.5bppt-­‐‑nr7r31f   TCAACGGTTCGAAATCAACCGTATGCTTGC   30  
1.5bppt-­‐‑nr9r31f   TTCCCGGCCCCGGCCAAACTCCGCGAATAAAC   32  
1.5bppt-­‐‑nr11r31f   ACGAAGTGAGGACAACTTCTGGTAACTTAG   30  
1.5bppt-­‐‑nr13r31f   CTGGCTTTCGACATGTGTGTGCTGACGGTGCA   32  
1.5bppt-­‐‑nr15r31f   TGGAACAGTGATGCGTGAACGTGGAATGAA   30  
1.5bppt-­‐‑nr17r31f   CGTCGGCAGAATTTTGCTGGGTGGGTTTGGAC   32  
1.5bppt-­‐‑nr19r31f   CCGGGCAGTGAAGACTATCGCACGCATCCC   30  
1.5bppt-­‐‑nr21r31f   GCATCCGTCCTGACCGCCGCAGAGAACGAGGG   32  
1.5bppt-­‐‑nr23r31f   GCGAGCTGAGAGCGGCAGCAAGTATTGCTA   30  
1.5bppt-­‐‑nr25r31f   CGGAAGCGCCTTTCTGTGGTGAAAAGACACTA   32  
1.5bppt-­‐‑nr27r31f   CTTATCCGTTTTCTGGCGAATCCTCTGATTCGTC   34  
1.5bppt-­‐‑nr-­‐‑25r32e   CCTGCCGATTTTTTCGACGGTGAGCTGATTTCTGCG   36  
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1.5bppt-­‐‑nr-­‐‑23r32e   CCATGTTGGCGCGTGAGATGGGCAGACAGA   30  
1.5bppt-­‐‑nr-­‐‑21r32e   GCAGGTGAGCCATGCTTGCCGGGATGTATGAG   32  
1.5bppt-­‐‑nr-­‐‑19r32e   GTCCGTGTGCCGACTGGCACCGGCTGAAAA   30  
1.5bppt-­‐‑nr-­‐‑17r32e   CGACGTGGTATTTTCATGATGTTCTTACCACC   32  
1.5bppt-­‐‑nr-­‐‑15r32e   CCGCCATTTCCGGGCTGACGTAGAAGCCGT   30  
1.5bppt-­‐‑nr-­‐‑13r32e   GAAAGCGGTTTTTCAGCGATCCGGATCCGCAG   32  
1.5bppt-­‐‑nr-­‐‑11r32e   AGTCGCTTTTCAGTCTGCTGAATTTCTGGT   30  
1.5bppt-­‐‑nr-­‐‑9r32e   TGATGCGAGAAGAGCCTGAAGATGTTACTGTG   32  
1.5bppt-­‐‑nr-­‐‑7r32e   GAGTCAGAGCGGCAGGGCTTGCGAACAGGC   30  
1.5bppt-­‐‑nr-­‐‑5r32e   GGATGCGGGGCCCGGACGGGAATGTTGAGCAT   32  
1.5bppt-­‐‑nr-­‐‑3r32e   CGGTAGGCCCGGATGTGGCGGAACGCTTTC   30  
1.5bppt-­‐‑nr-­‐‑1r32e   GGGATCGCGTAATGCTGATGACAGCACAGATG   32  
1.5bppt-­‐‑nr1r32e   GTGGATCTTGACCGTGAGCAGATGTGGTTATC   32  
1.5bppt-­‐‑nr3r32e   CGACCTGAAACATGCCGGAACAGTGCCGCGGC   32  
1.5bppt-­‐‑nr5r32e   CAGGCAGGGGTACAGCAGGTAGCGTAACAGGC   32  
1.5bppt-­‐‑nr7r32e   GACCCAACGTGTTCAGCCAGTTACAATAGCTT   32  
1.5bppt-­‐‑nr9r32e   GTGCTGAGGAGCCTGGCTAACCGTAAGAGGCA   32  
1.5bppt-­‐‑nr11r32e   GGCATGCCAACGAAATCCGTCGCCCGGACTGA   32  
1.5bppt-­‐‑nr13r32e   AACCACCGTCGGGAAAACGGGATCCTGGCGAA   32  
1.5bppt-­‐‑nr15r32e   TATCCGCCGTTAACGCAGGAATGCGGGCGGTA   32  
1.5bppt-­‐‑nr17r32e   AGAAAACCGAATCGACCATTTCTGATCCCTGA   32  
1.5bppt-­‐‑nr19r32e   TGACATGGTTTGTTGCATGGTGCCTATGACTG   32  
1.5bppt-­‐‑nr21r32e   GCAGAAGATACCGCCGGACTGCCATTACGCCG   32  
1.5bppt-­‐‑nr23r32e   TGCAATTCGTTGATATGGTTTACGCATGCGGG   32  
1.5bppt-­‐‑nr25r32e   GAAAACGAAGGCCTGTATCCGGATCACTACTG   32  
1.5bppt-­‐‑nr-­‐‑23r33f   TGGCGACCCTGAGCAGCAGACTCACCGAAGCG   32  
1.5bppt-­‐‑nr-­‐‑21r33f   TCAGGGCACGTCTTGCGCTTGAAGGGCGCAGA   32  
1.5bppt-­‐‑nr-­‐‑19r33f   AAACGCTGGGGCGCGTTACTGGGACGCTGGAG   32  
1.5bppt-­‐‑nr-­‐‑17r33f   ACTGACGGAAGGATGATTATTTTGACTGAACA   32  
1.5bppt-­‐‑nr-­‐‑15r33f   GAGCCGGGATAAGAAAGCAGACGATGCAGGCG   32  
1.5bppt-­‐‑nr-­‐‑13r33f   CCAGACCACAGGAGATGCTGATTAGGCGAAAA   32  
1.5bppt-­‐‑nr-­‐‑11r33f   AGGCGGGGCGGTGCTGGATATTGGAGCCGAAA   32  
1.5bppt-­‐‑nr-­‐‑9r33f   GTCCATCAACTGCGCGGGCATTCAGGGCGATC   32  
1.5bppt-­‐‑nr-­‐‑7r33f   CTGCATCCACATGGGCACGCTGGACCCTGCTG   32  
1.5bppt-­‐‑nr-­‐‑5r33f   TGAAGCCTTTTGATGACCAGACCCGCTGGAGA   32  
1.5bppt-­‐‑nr-­‐‑3r33f   CGTCGGGGTGCAGGCGGCGAACGATCAGCCAG   32  
1.5bppt-­‐‑nr-­‐‑1r33f   CCATAACGTTGCAGCGTTCCGGCGGGAGAGTC   32  
1.5bppt-­‐‑nr1r33f   ATCTCGATCCGGACAGGAGCGTAATGCGTATG   32  
1.5bppt-­‐‑nr3r33f   TATGCTGCAAAATACTCAACTTCTTTGTGC   30  
1.5bppt-­‐‑nr5r33f   TGACCAAGTATCAACAGGAGTCATAGGGATAA   32  
1.5bppt-­‐‑nr7r33f   CATTCTGCCCAGATGGAGTTCTGTATTTTA   30  
1.5bppt-­‐‑nr9r33f   CAATGGACCGCCCGGCGGCAACCGTGTACTAA   32  
1.5bppt-­‐‑nr11r33f   CGAGATTAACAAGTTGCTGCGATACCCTGA   30  
1.5bppt-­‐‑nr13r33f   ATGAAGCCGTCGTTGACGACGACAAAACCAAG   32  
1.5bppt-­‐‑nr15r33f   TATTATCACTCAATGCTGCTTGCCAAAGCG   30  
1.5bppt-­‐‑nr17r33f   CAAATAAAAGCAGGTGGAAGAGGGGCCGAAAG   32  
1.5bppt-­‐‑nr19r33f   TCAAAACGGGAAGCTGTGGGCGTGGAAGCG   30  
1.5bppt-­‐‑nr21r33f   ATAAAACAAAAATCGCAATGCTTGTCCCGAGT   32  
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1.5bppt-­‐‑nr23r33f   TCCCTCAAGGCTCTACGAATCGAACCCCGC   30  
1.5bppt-­‐‑nr25r33f   TTACAAAATTACATATGGTTCGTGAGGGCATC   32  
1.5bppt-­‐‑nr27r33f   AGAGAATTTTTTACATTCAATCAATTGTGCATTT   34  
1.5bppt-­‐‑nr-­‐‑25r34e   AAAATGCGTTTTTGGTGGGGGCCACCTCGCGATCAC   36  
1.5bppt-­‐‑nr-­‐‑23r34e   AAGAAGGGGTGCGCTGGCGTATGATGATCC   30  
1.5bppt-­‐‑nr-­‐‑21r34e   AAAAGGCCACTCAACCCTGTCCGACAGGGGGG   32  
1.5bppt-­‐‑nr-­‐‑19r34e   GAAGCGCGTCCTTTCCGGCAATCGGGCAAA   30  
1.5bppt-­‐‑nr-­‐‑17r34e   ATCTGCGCCAGATCGTATGCTGGTCAGTTCAC   32  
1.5bppt-­‐‑nr-­‐‑15r34e   GCTGCGTCAGGCGGCAGGGCTGGTATAAAG   30  
1.5bppt-­‐‑nr-­‐‑13r34e   ATACCGCGGCGAGTCACTCAGCGCGCTGCACA   32  
1.5bppt-­‐‑nr-­‐‑11r34e   TGGGATGGTAAGCGGTGAGGCTCGTTGAAC   30  
1.5bppt-­‐‑nr-­‐‑9r34e   CAGACAGGGCCAGAGTGTGGCGCGACGGAAAG   32  
1.5bppt-­‐‑nr-­‐‑7r34e   AAAGAGAGGCGTGGAGGTGGACGATGGCCA   30  
1.5bppt-­‐‑nr-­‐‑5r34e   CGAAAGGGTCGGGAAGCTGACCACTTGAGTCT   32  
1.5bppt-­‐‑nr-­‐‑3r34e   GGGGCATCTGACGGCGATGGCTGGCTGAAC   30  
1.5bppt-­‐‑nr-­‐‑1r34e   TTGCTCAGTGTCGGCGGAGCAGATTGTGGCAG   32  
1.5bppt-­‐‑nr1r34e   TAACTTTGGATGGTTACGCCAGACTTTACGGG   32  
1.5bppt-­‐‑nr3r34e   ATACAGCATTGAGGCTTATTCGGGCCAAAACT   32  
1.5bppt-­‐‑nr5r34e   ACTGGATCCGACAGTTTAAAGTGCACAAGCAA   32  
1.5bppt-­‐‑nr7r34e   GAACAAATGTAAAACCTATGGGTGGATAAGTG   32  
1.5bppt-­‐‑nr9r34e   ATAAAAAAAGAATCACCGATTCTCCCGGTAAC   32  
1.5bppt-­‐‑nr11r34e   TTGGCGCGCAAAGTTACCTGTCAATTCCGCTG   32  
1.5bppt-­‐‑nr13r34e   AATGGGGGAAGTTAGAACTCGTCAACGGACGT   32  
1.5bppt-­‐‑nr15r34e   CCAAAGTTAGCAGCAAGGCGGCATGCTAACGA   32  
1.5bppt-­‐‑nr17r34e   CGCAGATCAACATCTCAGAATGGTCATCAGCC   32  
1.5bppt-­‐‑nr19r34e   AAGACAGCAGGGAAAATCCCCTAATGGATGTT   32  
1.5bppt-­‐‑nr21r34e   TGCTTAACTCCCTCAAATTGGGGGGGGGGACA   32  
1.5bppt-­‐‑nr23r34e   CGCAACGAAACAGGGGGACACAAACCGGATGC   32  
1.5bppt-­‐‑nr25r34e   GGAAATACGAAAAAAGAAAAGATTACCAGCCA   32  
1.5bppt-­‐‑nr-­‐‑23r35f   TCACGGCTTGGAGTGAGTGGGAAGAGTGCAGC   32  
1.5bppt-­‐‑nr-­‐‑21r35f   AGGCTTACCGGGAACTGGATGGCACACAGAAT   32  
1.5bppt-­‐‑nr-­‐‑19r35f   AAATATACAAAAAGACCTGGGCGGGAGCAGAA   32  
1.5bppt-­‐‑nr-­‐‑17r35f   AGGCACTGGCTGGCGCTGAATAACTGCTGTCC   32  
1.5bppt-­‐‑nr-­‐‑15r35f   GATTACAACAGCGCCTGAAGGAACCAGGCAAT   32  
1.5bppt-­‐‑nr-­‐‑13r35f   AGGATTATTGACCGGCAGGCAGAAGCAGCGCC   32  
1.5bppt-­‐‑nr-­‐‑11r35f   CAGTCCAGGCCGCCATTGATGCGAGCATCCGC   32  
1.5bppt-­‐‑nr-­‐‑9r35f   GTCAGGAATAAATTCGCACAGCAGCCGCTGCG   32  
1.5bppt-­‐‑nr-­‐‑7r35f   ACGCTTCAGAGCGCCTGAACGCGCGGATTTAC   32  
1.5bppt-­‐‑nr-­‐‑5r35f   AGCATGCCGGCTGCACTTGGCGACCAGCGGGG   32  
1.5bppt-­‐‑nr-­‐‑3r35f   CAGCGCCGAAAGATGAGACGCTGGTTCACGAA   32  
1.5bppt-­‐‑nr-­‐‑1r35f   AGTTCGCGGTCTGCACAGGAGAAATGGGGAAT   32  
1.5bppt-­‐‑nr1r35f   TGCTCTTGTTAAGGCGACGTGCGTCGCAACGT   32  
1.5bppt-­‐‑nr3r35f   TCATACGTAAGTTCATTTTTCTTTTGCTGC   30  
1.5bppt-­‐‑nr5r35f   ATATCTAAATCTTGTCTGCGACAGTCATAATT   32  
1.5bppt-­‐‑nr7r35f   CCTCTGGCTAAAGCACCAACGCCTGAGGGG   30  
1.5bppt-­‐‑nr9r35f   GGAGGTTGTTATAAGCATTTAATGAAGATTCT   32  
1.5bppt-­‐‑nr11r35f   AAGATTATAACTTTGAGAATTTTCCGACCA   30  
1.5bppt-­‐‑nr13r35f   ACAGCTAACTGGCGATTGAAGGGCGTCTCTTC   32  
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1.5bppt-­‐‑nr15r35f   CGATCAACACTAACCGCTTCATACCCCACA   30  
1.5bppt-­‐‑nr17r35f   ATTTTTTTTACTCATACTCACTTCATCATTGG   32  
1.5bppt-­‐‑nr19r35f   TTTATGCGCATCCCTGCCTGAACAAACACC   30  
1.5bppt-­‐‑nr21r35f   AACAAAAACCTTTGGTAAAGGTTCTTGAAGGT   32  
1.5bppt-­‐‑nr23r35f   TCTTACACTTTGGTTGTGCTTACTATGCAG   30  
1.5bppt-­‐‑nr25r35f   AAATTAAAACCTCAAGCCAGAATGTCAGGGTC   32  
1.5bppt-­‐‑nr27r35f   ATTTGCATTTTTGCCTGTTGGTGCGGTAAAGCTT   34  
1.5bppt-­‐‑nr-­‐‑25r36e   ACGGACAGTTTTCAGCAGCAGAGCGATAACAGGACA   36  
1.5bppt-­‐‑nr-­‐‑23r36e   GTCCGGCGAAATATACCGAAGACCGCCCGA   30  
1.5bppt-­‐‑nr-­‐‑21r36e   CAGCTTCGGAACGGCTGCAGACGCTGATCGTG   32  
1.5bppt-­‐‑nr-­‐‑19r36e   AGAGCAGCGCCCGTCAGGAAGATTAACGAT   30  
1.5bppt-­‐‑nr-­‐‑17r36e   GATAATCCAAAGACGGGAAAATCCCATCTGGA   32  
1.5bppt-­‐‑nr-­‐‑15r36e   CACGGAACACGCTGATGGCGGCAGGCAGAG   30  
1.5bppt-­‐‑nr-­‐‑13r36e   GGGCTGACGAAGCGACGCTGAAAATCGTCCTG   32  
1.5bppt-­‐‑nr-­‐‑11r36e   AAAACGGCGTGAAGGTGTCTGCAATCCATG   30  
1.5bppt-­‐‑nr-­‐‑9r36e   CAGGCGGAGACAGTGCTCATGCTGGACCTGGG   32  
1.5bppt-­‐‑nr-­‐‑7r36e   GTATCAGGGCAGAACTCCGGACGCCGCCTG   30  
1.5bppt-­‐‑nr-­‐‑5r36e   CGCCAGCTGGAGCAAATGAGAAAAGGCCGCAA   32  
1.5bppt-­‐‑nr-­‐‑3r36e   GGCGCATGGATTTGTGGAAGGCATGAAGCC   30  
1.5bppt-­‐‑nr-­‐‑1r36e   CGCCAGCTGTACTGGAGGAGGCGGCCTCAAGC   32  
1.5bppt-­‐‑nr1r36e   AAATTGCTTGTTAATGGTTTCTTTGGCAGAGG   32  
1.5bppt-­‐‑nr3r36e   GATAAGCCTAAATCTATCACCGCATATGACAA   32  
1.5bppt-­‐‑nr5r36e   CCATCCCCCACCGTGCGTGTTGACAGGTCATT   32  
1.5bppt-­‐‑nr7r36e   CCATTAAAGGTGATAATGGTTGCAAGCGTTCT   32  
1.5bppt-­‐‑nr9r36e   ATGCGGCGTATGGAACAACGCATATCTCACCA   32  
1.5bppt-­‐‑nr11r36e   TCAACGCTGCAATGCGCTTTGGGCTGGCTCGA   32  
1.5bppt-­‐‑nr13r36e   AGATTTCTAGATCTCGGCGTATATTGTTCTTG   32  
1.5bppt-­‐‑nr15r36e   GGCTGCATAAGGCCATTCATGCAGACTGGATT   32  
1.5bppt-­‐‑nr17r36e   AAACAGGGAACTATAAACGCTGATTGATAAGT   32  
1.5bppt-­‐‑nr19r36e   GGTGAGAAGAAGAGGTAAAGCCCTGAACTGAG   32  
1.5bppt-­‐‑nr21r36e   CCGCATCAAACAACAGCATAAATAGAGTGCGT   32  
1.5bppt-­‐‑nr23r36e   CTGGCTTTATTCCAGCCCTGAAAACAAACAAA   32  
1.5bppt-­‐‑nr25r36e   TACCTTCACCACACCTATGGTGTATTATCTAA   32  
1.5bppt-­‐‑nr-­‐‑23r37f   CACGCAGAACGCTTTCTGTCCCCCGAAGAGCA   32  
1.5bppt-­‐‑nr-­‐‑21r37f   ATGGCGGCGCTGAATGCCAACCTGGGACGCCG   32  
1.5bppt-­‐‑nr-­‐‑19r37f   CTGGCGCAGGTGATGGCTATTCTCGTGACCTG   32  
1.5bppt-­‐‑nr-­‐‑17r37f   ATGATGACTTCGGTCCCTTCTGTAGTATGCTG   32  
1.5bppt-­‐‑nr-­‐‑15r37f   GGTGGGGACGCTGGAAAGTGAAACGAACAGGT   32  
1.5bppt-­‐‑nr-­‐‑13r37f   ATTGGCGGTGTTCTCCGGAGGTGGGCAGGAAA   32  
1.5bppt-­‐‑nr-­‐‑11r37f   GTCAGGCGTGAAATTCAGACACAGAGCAGTCG   32  
1.5bppt-­‐‑nr-­‐‑9r37f   GCGAAATTTGTATGACATGGCCCGCGACCTGA   32  
1.5bppt-­‐‑nr-­‐‑7r37f   GGGAACCGCGGGCAGATAGGTCCGTTTTCTGT   32  
1.5bppt-­‐‑nr-­‐‑5r37f   ATTGTTCAACCATGTGGTGATTAAGCCGGTCA   32  
1.5bppt-­‐‑nr-­‐‑3r37f   GGAGGCAAGTCGCAGGCGTCCGGGCGTATCCC   32  
1.5bppt-­‐‑nr-­‐‑1r37f   CTTTACCGTCGGTACACCGGGCAGGAATGGCA   32  
1.5bppt-­‐‑nr1r37f   GAGCGCTTTTAAGGAAAACAGACAGCCACCGG   32  
1.5bppt-­‐‑nr3r37f   GGTAAGTCCTGCAGGTGATGATTGTAAACA   30  
1.5bppt-­‐‑nr5r37f   CAATCCATATTTTATGAATATACAATTACTCC   32  
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1.5bppt-­‐‑nr7r37f   AGTGAAAATGTTTTGGTAAAGAGCACCTGC   30  
1.5bppt-­‐‑nr9r37f   TGCTCAATCGATTTATCTTCTGAACTTTTCAT   32  
1.5bppt-­‐‑nr11r37f   GAACACCTGTTCTTAATATCTTCTTCAGCT   30  
1.5bppt-­‐‑nr13r37f   AGGCCACTGGGAATCCCAATGATTAGAGGCGC   32  
1.5bppt-­‐‑nr15r37f   ACGGAACAAATGGTGTCGCCTTCATAATGT   30  
1.5bppt-­‐‑nr17r37f   GTACTGTGGTGGTCGGCCCGAAAATCTTTTGC   32  
1.5bppt-­‐‑nr19r37f   TGACCGCTTTTCCCGATTAAAAAAGGTGAC   30  
1.5bppt-­‐‑nr21r37f   AAACTCATTGAACGCGCTCTCCACACCTTTTT   32  
1.5bppt-­‐‑nr23r37f   AAATCACCTTTGGTGGTTCCCCTAATGACT   30  
1.5bppt-­‐‑nr25r37f   AACGAGAACGGCCGATGAAATGCACCTTCAAT   32  
1.5bppt-­‐‑nr27r37f   GGCTTGGATTTTAGGTAGCTTGGCTTCTATATCG   34  
1.5bppt-­‐‑nr-­‐‑25r38e   GCCACGGTTTTTTATGTCGCAGGTAAAAAGAGCGCC   36  
1.5bppt-­‐‑nr-­‐‑23r38e   CAGCGTGCCTTTGATGGTATTGGGCCTGAA   30  
1.5bppt-­‐‑nr-­‐‑21r38e   CCTGCCGGGATGCTGACCGGCAGTCTGAAGAC   32  
1.5bppt-­‐‑nr-­‐‑19r38e   GCGCTTTGCTTCACCCGTTCCGGTCATGTC   30  
1.5bppt-­‐‑nr-­‐‑17r38e   GATGTGGCAGAAATTCTGCTTAAGAGTATGGC   32  
1.5bppt-­‐‑nr-­‐‑15r38e   GACCTTCTTGTCGGGAGTATCGCGGGAAGC   30  
1.5bppt-­‐‑nr-­‐‑13r38e   TGGTGGCCGGCTGTTGGTGGCGGCAAAGCCGG   32  
1.5bppt-­‐‑nr-­‐‑11r38e   CCCGTGAGTACAGCCATTCAGGCAACGGGC   30  
1.5bppt-­‐‑nr-­‐‑9r38e   GAAGGCGGCCATTTTGCAACCGGATGGCGCAG   32  
1.5bppt-­‐‑nr-­‐‑7r38e   GCACGAAGCGGCAAATATGAGCAAGGTTAC   30  
1.5bppt-­‐‑nr-­‐‑5r38e   GCAGAATACCGTGGTGAGTTTGTCAGTACAAA   32  
1.5bppt-­‐‑nr-­‐‑3r38e   ACAGCCGCCAGCCGGATTGGCGTCCCTGCT   30  
1.5bppt-­‐‑nr-­‐‑1r38e   CGGTTATGGCTGATGCGCGGCTATGGTTTATT   32  
1.5bppt-­‐‑nr1r38e   GCAGAGAAATCTTTCCCTTTATTTTTTTTCAT   32  
1.5bppt-­‐‑nr3r38e   GAGCCAACGCATAAAAACCATTCTATTCCTGG   32  
1.5bppt-­‐‑nr5r38e   TTCCATCGTTACTATGTTATGTTCTGACTGCC   32  
1.5bppt-­‐‑nr7r38e   TTGTCATTTTCCCCTAATTCGATGCATTGATG   32  
1.5bppt-­‐‑nr9r38e   CTTTAGAGTGTTATCAGCTATGCGTGCAAGCA   32  
1.5bppt-­‐‑nr11r38e   GCGAGGCTTGCCGATCAGCCAAACTAAATTCT   32  
1.5bppt-­‐‑nr13r38e   AAAAAGATGACTAGCGATAACTTTCATCTCGT   32  
1.5bppt-­‐‑nr15r38e   GCAAAACCACTCTCATTGCATGGGTAAGTGAC   32  
1.5bppt-­‐‑nr17r38e   GATCGGATGGTTTAGTGGTTGTAAATGAGAAA   32  
1.5bppt-­‐‑nr19r38e   GACATTCCATCCCTGATCAGTTTCTAAGCTCA   32  
1.5bppt-­‐‑nr21r38e   GCTCTATCCACCCCCAAGTCTGGCCCATCTCT   32  
1.5bppt-­‐‑nr23r38e   ACATCGTCTGGCTCAACAGCCTGCCAGAATCA   32  
1.5bppt-­‐‑nr25r38e   CCGTTGTTTTAACATTCCGTCAGGCATGGAAT   32  
1.5bppt-­‐‑nr-­‐‑23r39f   CGGGGGCTATCACGAAGGATAAATAATAACGT   32  
1.5bppt-­‐‑nr-­‐‑21r39f   CCTTATGACGCGGATGAATATGACCCATTAAC   32  
1.5bppt-­‐‑nr-­‐‑19r39f   CGCAAAATGGTGACGAGTGCGGTTCACAGACA   32  
1.5bppt-­‐‑nr-­‐‑17r39f   CGTGTTGAGCTGGCCAACACCTGCCCGGCGAT   32  
1.5bppt-­‐‑nr-­‐‑15r39f   GGTGAACTACGGATGGCGCTGTTTTCGTGGTA   32  
1.5bppt-­‐‑nr-­‐‑13r39f   CACTGAATTGCCTCCTTTGTACTGTTTCCCCT   32  
1.5bppt-­‐‑nr-­‐‑11r39f   GCCAGCGTATTGAGCAGTGCAGCGAGGCTATT   32  
1.5bppt-­‐‑nr-­‐‑9r39f   CAGAGGTCTCCGGAGCAGGAGGTGCTGCAGGC   32  
1.5bppt-­‐‑nr-­‐‑7r39f   AATGAGCAGTGAACTTCGTCAACGGCTGGTCC   32  
1.5bppt-­‐‑nr-­‐‑5r39f   CCTGGCAGGCGTAAGGTTTACGCCTGGCTGAG   32  
1.5bppt-­‐‑nr-­‐‑3r39f   ATTCAGGGATGCAGAGTCTGGTCGGCAGAGTG   32  
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1.5bppt-­‐‑nr-­‐‑1r39f   AAGGCACCGTACGGTATGGTCACCCGGGGGAC   32  
1.5bppt-­‐‑nr1r39f   GATAACGTGAAAAGGAGATAGCAATGACGGTT   32  
1.5bppt-­‐‑nr3r39f   CCAGGCATCTGAAAAAGAAACACAGCTTTG   30  
1.5bppt-­‐‑nr5r39f   TGATAATTTGACAATGTCGCCCCAGAACGAAA   32  
1.5bppt-­‐‑nr7r39f   CTTTTAAATCAGGATTGCAATCAAGCTAAT   30  
1.5bppt-­‐‑nr9r39f   TCTTGCGTTCTGCTTCCGATTAGACTTCGTTT   32  
1.5bppt-­‐‑nr11r39f   ATCTCAGCCATACTCTCTAATCTTGCTTTG   30  
1.5bppt-­‐‑nr13r39f   TGAGAGATGGCATAGACAATAACTATTTTTAA   32  
1.5bppt-­‐‑nr15r39f   TCTGTTAAAAAACAAAGCTCCAATGCGTCC   30  
1.5bppt-­‐‑nr17r39f   CCGCAGGCGCTTATGCTGGAAAGACAGTGGTA   32  
1.5bppt-­‐‑nr19r39f   GGGTTAAATGCCGATGGCGATAGATTTATC   30  
1.5bppt-­‐‑nr21r39f   TATATCCCGATGCATATATGAATGTTTTATAT   32  
1.5bppt-­‐‑nr23r39f   ATATCCAACTCTGGTCAAATTATTTGTTTG   30  
1.5bppt-­‐‑nr25r39f   ATCTGTTGAAACCCGGCGCTGAGGTGTTTAGT   32  
1.5bppt-­‐‑nr27r39f   CCAAATACTTTTATGTGTTTTGGGGGCTAAATAC   34  
1.5bppt-­‐‑nr-­‐‑25r40e   TGCCTGAGTTTTACTGGAGTCGTTTCTGGTGAGGAG   36  
1.5bppt-­‐‑nr-­‐‑23r40e   GTCCGATGGAAATCCTTTCTGTAAAACGTA   30  
1.5bppt-­‐‑nr-­‐‑21r40e   CCGGCTGTGTGGCGGCAGATAAAGAGCGAGCG   32  
1.5bppt-­‐‑nr-­‐‑19r40e   CTATCGCGGTCGTCGCGGGTCAAGAAAGGT   30  
1.5bppt-­‐‑nr-­‐‑17r40e   CGTATCATGTTCAGCGCAGAGTTTCCGGTATG   32  
1.5bppt-­‐‑nr-­‐‑15r40e   GACGGAAGATGCAGGATATCCGACGATGAA   30  
1.5bppt-­‐‑nr-­‐‑13r40e   GCGGTGAGGAATGCACCCGTGCGGATGCGTGA   32  
1.5bppt-­‐‑nr-­‐‑11r40e   CTGGCGCGGTGCTCTGGGAAATCAAGGGTG   30  
1.5bppt-­‐‑nr-­‐‑9r40e   TACGCCGAGGTGGAGAACGTTATTGCTGCTCT   32  
1.5bppt-­‐‑nr-­‐‑7r40e   GGATGCGGAACGAAAAAGGTGACAACGACG   30  
1.5bppt-­‐‑nr-­‐‑5r40e   GTGGTCCGGGGCGACAGTATCAGCACGTTTGA   32  
1.5bppt-­‐‑nr-­‐‑3r40e   GGAAGATGAGCGGTTTTGAACTCATGGCAG   30  
1.5bppt-­‐‑nr-­‐‑1r40e   TCTAACCTAGTACGCGCCCCACGCATGCTTAC   32  
1.5bppt-­‐‑nr1r40e   TAGTGGCGAAGGAATTATTACTATATCAGCCA   32  
1.5bppt-­‐‑nr3r40e   TCTATGAGGATTCTGTTCCGCATAAATAATTG   32  
1.5bppt-­‐‑nr5r40e   GCATATGAAATCCTTAACTTTGCCAAAAGTTT   32  
1.5bppt-­‐‑nr7r40e   GGCAGCAAACATTCCAGTATATCACCAGACTC   32  
1.5bppt-­‐‑nr9r40e   CGGCGCGTAGCAATATGCCATCTCAACTGAAG   32  
1.5bppt-­‐‑nr11r40e   CATATACCATTGGTGACCTTGTTCCGTCATCT   32  
1.5bppt-­‐‑nr13r40e   AAACTAAGGGCCTTTTTCTGATAGAACAAACA   32  
1.5bppt-­‐‑nr15r40e   CCCGCAGAAATATCTCCGGCCTCACAGTTCTG   32  
1.5bppt-­‐‑nr17r40e   ATGTAGCCTAATGTCTGAAAATTGATCTGTCA   32  
1.5bppt-­‐‑nr19r40e   AGAGGCAAAATAATATCCTTGGCATGCTTAAT   32  
1.5bppt-­‐‑nr21r40e   AAAACAAGTTTTAAATTTTGGCTTCATCAGTG   32  
1.5bppt-­‐‑nr23r40e   TTCTTGTTTGAGTCAAAAAGCTCCTATGCATA   32  
1.5bppt-­‐‑nr25r40e   GGCAAAGACCCCTAAGACCTTTAATACCTTCA   32  
1.5bppt-­‐‑nr-­‐‑23r41f   CGGCAACTGGCGCGCATCTGCCTTCGACCTTC   32  
1.5bppt-­‐‑nr-­‐‑21r41f   AAACTTTCCGCACACACTCCCTCTATCCGGGC   32  
1.5bppt-­‐‑nr-­‐‑19r41f   GAATCAGCAACGAGAGAGGTACACTCGTCAGA   32  
1.5bppt-­‐‑nr-­‐‑17r41f   GTGCGCCACTGCTGCACCATATTCGTACGGAT   32  
1.5bppt-­‐‑nr-­‐‑15r41f   AGCACGCCATCACGCCGCAATTTACGGGTTAA   32  
1.5bppt-­‐‑nr-­‐‑13r41f   GCGTGAATCTGCTGTGCTGTTTTGCCTGATGG   32  
1.5bppt-­‐‑nr-­‐‑11r41f   TCCGTATGTGCCGTTGTCAGCGGCAGTCGCCG   32  
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1.5bppt-­‐‑nr-­‐‑9r41f   AGAAATGCGATAATCTGGAGGCGACAGATTGT   32  
1.5bppt-­‐‑nr-­‐‑7r41f   ACAGCCACACTGGTGGCGTAACGGATCATTCT   32  
1.5bppt-­‐‑nr-­‐‑5r41f   TGAGGCCGATTGAGATGCCGGACTGCATGGGG   32  
1.5bppt-­‐‑nr-­‐‑3r41f   ATTTGCCGCACTGTTCCGGGATGCGACCGGCA   32  
1.5bppt-­‐‑nr-­‐‑1r41f   GATTCATACGCTTTGAGCACGGTGATGGTGCT   32  
1.5bppt-­‐‑nr1r41f   TCCATCTGCGTTCGCGGCGGCGTGGCATCTCA   32  
1.5bppt-­‐‑nr3r41f   GTGGTGTGTGCTTTCCATTGAGCAGTAATG   30  
1.5bppt-­‐‑nr5r41f   ACCCCCCGTTTGCGCTTACCCCAATGATCGTT   32  
1.5bppt-­‐‑nr7r41f   CCGGAATCATTCAGCGAGAGAATAGCCCAG   30  
1.5bppt-­‐‑nr9r41f   CGTATCACAGTGCGCTTTCTACTCAGAGAATC   32  
1.5bppt-­‐‑nr11r41f   AATGCTGCTTCAGCCAGCACTGTTTCGTCT   30  
1.5bppt-­‐‑nr13r41f   GAGCGTCACGTTGCAGGTTGCTTTTTAATGTG   32  
1.5bppt-­‐‑nr15r41f   TGCTGATGGTACCATGTGCGCTGGCCAGAT   30  
1.5bppt-­‐‑nr17r41f   TTTATGTCCTGCATGTTATGCCGCGCATTAAG   32  
1.5bppt-­‐‑nr19r41f   ACCGCAGAAATCGATTTTCCCTTGTAATTC   30  
1.5bppt-­‐‑nr21r41f   GAATTTATCAAGGCCAATATCTAATGGTTTTG   32  
1.5bppt-­‐‑nr23r41f   GTAGGTGAAGCTATGATCCATATAAGTATG   30  
1.5bppt-­‐‑nr25r41f   GAGTTGTATTGAGGATATTTACTGACATTAGT   32  
1.5bppt-­‐‑nr27r41f   AATTGGTTTTTTCGATGGAATGGAAAGAACAAAA   34  
1.5bppt-­‐‑nr-­‐‑25r42e   TTTACAACTTTTCGGTTGTAAGTTCCGCGCAGCAAA   36  
1.5bppt-­‐‑nr-­‐‑23r42e   CGGGCATTTGGCGGCTTCCTTTCAGCCAAC   30  
1.5bppt-­‐‑nr-­‐‑21r42e   GGCAGCGAGCAGTAAATCCCATGAATAGCGGT   32  
1.5bppt-­‐‑nr-­‐‑19r42e   CTGAGCAGATTCTGGCGCACGCACCTGGAC   30  
1.5bppt-­‐‑nr-­‐‑17r42e   ACGGCGAGGCGGAGTCGTGCGGCTTTCCGGGA   32  
1.5bppt-­‐‑nr-­‐‑15r42e   GTGCCGAGGAGGGGGAAAGATATCCACGCC   30  
1.5bppt-­‐‑nr-­‐‑13r42e   GCGATGTGATCTCCGGTGAGCCGGAACTGAGC   32  
1.5bppt-­‐‑nr-­‐‑11r42e   TATCAGGTCGCCGGAAGACTGGATCAGCCG   30  
1.5bppt-­‐‑nr-­‐‑9r42e   TCTATCTGAGGGTGAGATTGTGGCGAAACAGT   32  
1.5bppt-­‐‑nr-­‐‑7r42e   GAGGATGCCCGGTGGTCTGCCCCGTTTTCT   30  
1.5bppt-­‐‑nr-­‐‑5r42e   TGGCGGGGACCGGCGGCTGCAGGTGCGGAACG   32  
1.5bppt-­‐‑nr-­‐‑3r42e   TGTTACATGGTGGCTGGTCTGCGGGATGGC   30  
1.5bppt-­‐‑nr-­‐‑1r42e   CCGGGCGGAGTTCCGCTGTGTGCCTTTGTGCA   32  
1.5bppt-­‐‑nr1r42e   CTGCGCGAGATTCTCCTGTCAGTTCAGGAATG   32  
1.5bppt-­‐‑nr3r42e   GGATTTGCTGGCAGTTGTAGTCCTAGACCATC   32  
1.5bppt-­‐‑nr5r42e   TAACTGGTCGATTGGCACATTGGCTGGTTCCT   32  
1.5bppt-­‐‑nr7r42e   GGTTTGCGGCACTTACGGCCAATGAACGTCAA   32  
1.5bppt-­‐‑nr9r42e   TCGGATTTACACCCCAAAGCCTTCTGGCCAGT   32  
1.5bppt-­‐‑nr11r42e   TTGTGGTACCTTCTTCAGGGCTTAACCGATGT   32  
1.5bppt-­‐‑nr13r42e   GCTCAATACCTTCATGGTGGTCAGGCTCAACA   32  
1.5bppt-­‐‑nr15r42e   GGCTTGCTTGCTCAGTATCACCGCAGCAATAA   32  
1.5bppt-­‐‑nr17r42e   GGCGTCCAAACACCGCCAGAGATATGGGTATC   32  
1.5bppt-­‐‑nr19r42e   ATAAGAGGTGGTTATCTGTATGTTAACGATGC   32  
1.5bppt-­‐‑nr21r42e   GATAAAGCTTTTTGCAGGGGGGCAATAGTTGG   32  
1.5bppt-­‐‑nr23r42e   TAGTTGCCGAGATCTGAATTGCTACCGGGTTA   32  
1.5bppt-­‐‑nr25r42e   ATTCCCTATCTATTTATTTTTCAAGATCGTGA   32  
1.5bppt-­‐‑nr-­‐‑23r43f   GTGTGAAAGGCCGATTGAAGGTCCGTACGCCG   32  
1.5bppt-­‐‑nr-­‐‑21r43f   ACTGGCCATTGCTGAGTGTGATCGCAACATAT   32  
1.5bppt-­‐‑nr-­‐‑19r43f   AACTGAGCGCGAAGCGAAGGACAACTGGTGAG   32  
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1.5bppt-­‐‑nr-­‐‑17r43f   TGCCGGGCGGTAAAGGAAGCAGTAATTTGAAT   32  
1.5bppt-­‐‑nr-­‐‑15r43f   CGGCGCAGGCGGTTTTGTCATTTAGTACGGAA   32  
1.5bppt-­‐‑nr-­‐‑13r43f   CGCTGTAATGCAAAATGTTTTATGCCGCACCA   32  
1.5bppt-­‐‑nr-­‐‑11r43f   GGGCCAAGACGGTGGTCAGGTTGTTGCGCTTT   32  
1.5bppt-­‐‑nr-­‐‑9r43f   CCTGGGGGTCTCAGGAGATCAGCAGGAAACCA   32  
1.5bppt-­‐‑nr-­‐‑7r43f   TTACCGCCACGGGGAAATGCGCGTCGGAAGTC   32  
1.5bppt-­‐‑nr-­‐‑5r43f   GGCAGCCAGTTGCCCAGGGCAATGTAACGGTG   32  
1.5bppt-­‐‑nr-­‐‑3r43f   TCCTGTTTAGAACACCTATTTCTCCCATTAAG   32  
1.5bppt-­‐‑nr-­‐‑1r43f   CGGTGGTGCCCCGTATACAGACAAGGCCTCGG   32  
1.5bppt-­‐‑nr1r43f   CTCGTTATTTGATGAGTATAGAAAACCGAAAG   32  
1.5bppt-­‐‑nr3r43f   AACCTCTGAAATCGGATAAACTAATATGCA   30  
1.5bppt-­‐‑nr5r43f   ATCTGGGTGCTCGGTGGTTCTCGTAGCAGAGC   32  
1.5bppt-­‐‑nr7r43f   ATAACTGGAAAGATTGTGCCTGTAGCATTT   30  
1.5bppt-­‐‑nr9r43f   GGTATTCCATATATCACCTTAAATCGGTATTC   32  
1.5bppt-­‐‑nr11r43f   TTGCTCTTATGCTCTTCGAACTCCTGGTGA   30  
1.5bppt-­‐‑nr13r43f   CATCGATTTAGTCCTGGTATTGTTTGGTCGAT   32  
1.5bppt-­‐‑nr15r43f   ATAAGCGATGATTTTTATCAATAGTCGTAA   30  
1.5bppt-­‐‑nr17r43f   ATGCAAAAATCCATTGCATCGCTTGACATCTG   32  
1.5bppt-­‐‑nr19r43f   AAAACCTTGGCTTAACCATGCATCGCCCTC   30  
1.5bppt-­‐‑nr21r43f   TGCGCAGCTCCCATCTTCCATTACCAATAATC   32  
1.5bppt-­‐‑nr23r43f   TGGTTACAGTCGTTCGTATTGCCTACGAGC   30  
1.5bppt-­‐‑nr25r43f   GAGTTGATTCTGTTTACCAAGTTCTTGGAATG   32  
1.5bppt-­‐‑nr27r43f   CTTTTTCCTTTTAATAAAGGCCACTATGTTATTT   34  
1.5bppt-­‐‑nr-­‐‑25r44e   GCTTAAAATTTTGATTTGGTCGCCGCATTACGGGGA   36  
1.5bppt-­‐‑nr-­‐‑23r44e   AGCGAAGACGGGGGCTGAAGCCGGCGTCAC   30  
1.5bppt-­‐‑nr-­‐‑21r44e   CCACGCAGCACAGCTCCCGGCGTTCGACAAAT   32  
1.5bppt-­‐‑nr-­‐‑19r44e   ACCCCGCGACGGCTGGTATCAGCTGAACAA   30  
1.5bppt-­‐‑nr-­‐‑17r44e   GAGGAATGGGGACGTCAGCACGTCCTGCGGCG   32  
1.5bppt-­‐‑nr-­‐‑15r44e   CCTGCGGTTACATGAGACTCTGGTTCATCA   30  
1.5bppt-­‐‑nr-­‐‑13r44e   GTCGCTGATTCATATTGTTCCCAGACAGCCGG   32  
1.5bppt-­‐‑nr-­‐‑11r44e   GAAGGGGTCAGGTGGCGTATTCCGGGGCTG   30  
1.5bppt-­‐‑nr-­‐‑9r44e   GCGTGGTTCTGCCGCCATTGCCGGCCAGAATC   32  
1.5bppt-­‐‑nr-­‐‑7r44e   GTTCTGTGGAGCCACCCTTGCATTCATCGT   30  
1.5bppt-­‐‑nr-­‐‑5r44e   ATAACATGTTGGGGCCGGTGGTATTTATCATC   32  
1.5bppt-­‐‑nr-­‐‑3r44e   GGTAAGCTCTCTCGGTGCCAGTTGACGGAC   30  
1.5bppt-­‐‑nr-­‐‑1r44e   CCAGAACTTGGCGCAGATGCTGGCTGGATCCA   32  
1.5bppt-­‐‑nr1r44e   CCTACAGTTCTCGGACGAGTGTTCCTGTTTCT   32  
1.5bppt-­‐‑nr3r44e   ACAGCGAGGAGAGAACCATGTATACCAACAGG   32  
1.5bppt-­‐‑nr5r44e   CACATCAGTGGACTTCTGCTTTTAAGGGCGGT   32  
1.5bppt-­‐‑nr7r44e   GCGGTAGTCCTGAATATGTTAATGGTGATTTC   32  
1.5bppt-­‐‑nr9r44e   CTTCTTCCTCATGTGTGGCATGTTAAGGTCTA   32  
1.5bppt-­‐‑nr11r44e   TCCTGAGGGCATTTTCGCTAGCAACAATCTGT   32  
1.5bppt-­‐‑nr13r44e   CATACGGAATCAGCTATTGCCAGCATTCTTGC   32  
1.5bppt-­‐‑nr15r44e   CACACCATTTTAAGCTAAGAAAACGTTCGCCA   32  
1.5bppt-­‐‑nr17r44e   CAGCTTGCCGATAAAGTGCGATCAAATTTTCT   32  
1.5bppt-­‐‑nr19r44e   TTTCTTCAACAGAAGAGCAATCTAGTAACTAG   32  
1.5bppt-­‐‑nr21r44e   GACATATTCCTTAATGAAGGCAGGAATATTGA   32  
1.5bppt-­‐‑nr23r44e   TCATTGCCTCAAAACAATTCCCATGACTGAAT   32  
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1.5bppt-­‐‑nr25r44e   TTTGTTGTTGAGCTTGGTGTGTTGCATATATT   32  
1.5bppt-­‐‑nr-­‐‑23r45f   GTGCTGGAGTGGATAAATGGGCGCGTGCCGGA   32  
1.5bppt-­‐‑nr-­‐‑21r45f   CCGGTGTCCGGCATGGGGAAACGTGCATCACC   32  
1.5bppt-­‐‑nr-­‐‑19r45f   CAGGAGCATGTCTGTGGGATATGCCGTAAGGC   32  
1.5bppt-­‐‑nr-­‐‑17r45f   CCTCCGGCTAAACCGGCATACAGCGCTCGGCG   32  
1.5bppt-­‐‑nr-­‐‑15r45f   GTGAAATACGGCAATACAGCGGTAGGGCAGAC   32  
1.5bppt-­‐‑nr-­‐‑13r45f   TTACGTCTGCAGGTGCCGTCGAACCGTCGGAT   32  
1.5bppt-­‐‑nr-­‐‑11r45f   ACCTTCGGAGCCGTAATTATCATCAATGTGGT   32  
1.5bppt-­‐‑nr-­‐‑9r45f   CCTCAAAGGGACTCGGAGCAGTTCTCCGCTAC   32  
1.5bppt-­‐‑nr-­‐‑7r45f   CGCCTGCTTACCCGAACACGGCACCATAATGC   32  
1.5bppt-­‐‑nr-­‐‑5r45f   GCTGGGTGATACACTGAAATCATCCGAACAAC   32  
1.5bppt-­‐‑nr-­‐‑3r45f   GGCAAAACGACCAGCTGCAGAACAGTTGAAGA   32  
1.5bppt-­‐‑nr-­‐‑1r45f   TGGTGATGGATGCGCAGGATGACGGTCGTAAT   32  
1.5bppt-­‐‑nr1r45f   CCAGTCGATCCTTCCTGACCATTTGCCCGTTT   32  
1.5bppt-­‐‑nr3r45f   TTTAAGTCTTATTCCTTCGCTACCAATATC   30  
1.5bppt-­‐‑nr5r45f   ATGTTGCGAAATATTCCTGATGTAAACCATGT   32  
1.5bppt-­‐‑nr7r45f   AATACAGAAGGCGGCCTTGATAGCCTGAAA   30  
1.5bppt-­‐‑nr9r45f   AGAGTCTGAAGCGTTATTGGTATGGGTAATGG   32  
1.5bppt-­‐‑nr11r45f   AGTTTTTCTATTTATACATAACGGCAAATG   30  
1.5bppt-­‐‑nr13r45f   TTCAATTTCCCTGCAATGGCATATGTGCTGGG   32  
1.5bppt-­‐‑nr15r45f   TCAATGATAAGATTCGGAAGGGCCCAGTTC   30  
1.5bppt-­‐‑nr17r45f   TTCATATCGTCACGTAATTTACGGCTGCTGGT   32  
1.5bppt-­‐‑nr19r45f   ACACTGGAGATTAAGTATGTCGACAAGACG   30  
1.5bppt-­‐‑nr21r45f   AGAACAAGAGTGTTTGATCCATTCGGCTGAAC   32  
1.5bppt-­‐‑nr23r45f   GACATTGCGGCGATAGTGAATTTGCCCGCG   30  
1.5bppt-­‐‑nr25r45f   AATACACATCACGAAACATCTTTTAGGAAAGG   32  
1.5bppt-­‐‑nr27r45f   ATGCCAAATTTTTAATATCCATTTTTTTCTCAGT   34  
1.5bppt-­‐‑nr-­‐‑25r46e   ATCGGCCATTTTAGCGTGCTGCTGAACAGGTGGATG   36  
1.5bppt-­‐‑nr-­‐‑23r46e   GGCGGATCACTGAGGGGAATACATGCCATC   30  
1.5bppt-­‐‑nr-­‐‑21r46e   CCGCGCTAACGGTGGTGTTCCGGGCCTGAAGT   32  
1.5bppt-­‐‑nr-­‐‑19r46e   GGCCTGGGACTCCGCCGGAGGGAGGGGCAT   30  
1.5bppt-­‐‑nr-­‐‑17r46e   GGAACGTTTCCGAGACGGTGCTGGTGGAGCGT   32  
1.5bppt-­‐‑nr-­‐‑15r46e   GCAGACGTGACACGCCGATCACTGAAACCG   30  
1.5bppt-­‐‑nr-­‐‑13r46e   CGTATTCTGCAAACATCGACCGTCGGTGATTG   32  
1.5bppt-­‐‑nr-­‐‑11r46e   GCAGGTGTGTACAGGCACTGGTCGGCAGAC   30  
1.5bppt-­‐‑nr-­‐‑9r46e   GTGCAGGTGGTGACAGGAATCCGTGGGGTCAC   32  
1.5bppt-­‐‑nr-­‐‑7r46e   ACAGTGCGGTTCAGATACAACGTTCTGCCT   30  
1.5bppt-­‐‑nr-­‐‑5r46e   TGGTCGTCACGGAAAAAGACATCACTCACTGG   32  
1.5bppt-­‐‑nr-­‐‑3r46e   CACCACACACCTCGCAGTATCTCGGATAAC   30  
1.5bppt-­‐‑nr-­‐‑1r46e   AATATCCGGGTAACCTGCCGCCGCCCATCATT   32  
1.5bppt-­‐‑nr1r46e   GGAGGCCAACTCACACACAACACCTTACAACC   32  
1.5bppt-­‐‑nr3r46e   GGTAATTCGCTTGAAATTGCTATAGTACCCCT   32  
1.5bppt-­‐‑nr5r46e   TCTGAATCCCAGCATGATTAATACCTTTTAAC   32  
1.5bppt-­‐‑nr7r46e   CCGCACTCGCCGTGTTTATTGAGTAGTGGATT   32  
1.5bppt-­‐‑nr9r46e   CTCGAGTGACCAGAAATTATTAATTTCAAATT   32  
1.5bppt-­‐‑nr11r46e   GTGCTCCTCTCTGTCATTACGTCACCATCACA   32  
1.5bppt-­‐‑nr13r46e   ACAGGCCACTATTGATGCTTTCCAGTCGTAGT   32  
1.5bppt-­‐‑nr15r46e   TTCAAGTAGTATTTTTTGATGTTTGAATTGTC   32  
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1.5bppt-­‐‑nr17r46e   TTCCATCCCTCACAGATAAAAAATTCCGATTG   32  
1.5bppt-­‐‑nr19r46e   TCCTGGCTGGGCAAAGAAGATTTCAGGAAACA   32  
1.5bppt-­‐‑nr21r46e   TAGCCATATCGGCTCCTGTTTAGTCATTTATC   32  
1.5bppt-­‐‑nr23r46e   ATAAAAGTTCCGTGTATTCACTCGTCTGGCAA   32  
1.5bppt-­‐‑nr25r46e   CGACGGCTGTGCAGTGTTTATTCTCAGGCAGC   32  
1.5bppt-­‐‑nr-­‐‑23r47f   CGGCTTTGATGGGAGCTGAAGCTGGAGTATCC   32  
1.5bppt-­‐‑nr-­‐‑21r47f   TGTAATGCGTGTTCCTGACGGTGTGCCATCAC   32  
1.5bppt-­‐‑nr-­‐‑19r47f   GTGGGATGCGTCACCGACGGCGTGAGAGGCCA   32  
1.5bppt-­‐‑nr-­‐‑17r47f   ATGCGCTGGTGGCAATCCGGTCAGGACGGCGA   32  
1.5bppt-­‐‑nr-­‐‑15r47f   GCTGACGTCGGTACCGCGCTGATACACGCCGC   32  
1.5bppt-­‐‑nr-­‐‑13r47f   AAGACGTGCGCTCGACCGTGAAATGAAGTCAC   32  
1.5bppt-­‐‑nr-­‐‑11r47f   GATGCCGGGCTGGCGGTGAACAGCGCTGGCGC   32  
1.5bppt-­‐‑nr-­‐‑9r47f   AGCTTCAGACTATGCCGGTATCAGAAGGGCGT   32  
1.5bppt-­‐‑nr-­‐‑7r47f   CGTTGAGGACCGGGCGATGTTATTAACAGCGG   32  
1.5bppt-­‐‑nr-­‐‑5r47f   GGCTGGGATCAGCGTCGGCGCAGAAGCACGGC   32  
1.5bppt-­‐‑nr-­‐‑3r47f   TACGCAGGAACAGAACTGCTGGAACTTCACGC   32  
1.5bppt-­‐‑nr-­‐‑1r47f   GTTACGAAAGGCACACCGCGCCGGCTGACAGT   32  
1.5bppt-­‐‑nr1r47f   CTCATTCGCCAGCCAGCGTTGCGATGTACCAG   32  
1.5bppt-­‐‑nr3r47f   AACCTGGTAGAATCCATGCCGACCAGCTCT   30  
1.5bppt-­‐‑nr5r47f   ACCGGATGCGAAGAGTGGTGATCAGATAATGT   32  
1.5bppt-­‐‑nr7r47f   CTCAACATATCGCTGGCATCACCCTCTGCG   30  
1.5bppt-­‐‑nr9r47f   ATTTTTTGTTGGCAACGATCAGTAGCTTTTAC   32  
1.5bppt-­‐‑nr11r47f   ATCGATGCTTCTTTCGTCCACGGCGATGCA   30  
1.5bppt-­‐‑nr13r47f   GCAGGCCTATGCCATTCTGCTTATGAACAGAG   32  
1.5bppt-­‐‑nr15r47f   TGCCTCTTGGACCAGCCATCAACTTTATCC   30  
1.5bppt-­‐‑nr17r47f   AGTGACGCCCATCAAACTGCTGGTTCCTGCAT   32  
1.5bppt-­‐‑nr19r47f   ATCCTGAAACAGGATTCATTGTCGTCGCGT   30  
1.5bppt-­‐‑nr21r47f   TCCTGAAATGATTACGGTCCTTGCGCAGTATT   32  
1.5bppt-­‐‑nr23r47f   AAATGCCGTTCATCCATCCATTCCTTGTCA   30  
1.5bppt-­‐‑nr25r47f   GGGTTAGTCCTTCGCGAGTTTTGAAGACGGGC   32  
1.5bppt-­‐‑nr27r47f   TTCAGTATTTTTATGCGACTGCCACGGTAACATC   34  
1.5bppt-­‐‑nr-­‐‑25r48e   GCGCCAGCTTTTGTACTGCGACCAGTCATGTATGTC   36  
1.5bppt-­‐‑nr-­‐‑23r48e   ACAGCGTGCGGCACGGAGCCGCCTTGGTGC   30  
1.5bppt-­‐‑nr-­‐‑21r48e   AGTGAGCCGTACCTGACCACACAGTGACCCAT   32  
1.5bppt-­‐‑nr-­‐‑19r48e   TTCAGTCTGCTCAGCGATTTCTAACAACAT   30  
1.5bppt-­‐‑nr-­‐‑17r48e   TGACGGAATATGCCGGTATGGAACTCTGGGAC   32  
1.5bppt-­‐‑nr-­‐‑15r48e   CATCCTCTCGTGCAGGACCGACTATAACCC   30  
1.5bppt-­‐‑nr-­‐‑13r48e   GACGCTGAGACCTATAACCGCAGTTGCGCGGG   32  
1.5bppt-­‐‑nr-­‐‑11r48e   GTCGTGTATGATGGCGCGCCGTGGCAGCCA   30  
1.5bppt-­‐‑nr-­‐‑9r48e   CGATGATGCGCCCTGAAGGACCGCTGGTCGGC   32  
1.5bppt-­‐‑nr-­‐‑7r48e   GCCATGTTGAACTGGATTGACCGATGTGAA   30  
1.5bppt-­‐‑nr-­‐‑5r48e   CGTGGATTGACGGCGACAGAGCTTAAACGCTC   32  
1.5bppt-­‐‑nr-­‐‑3r48e   TGATTAACCATTGCCCGTTACGCCGGACAG   30  
1.5bppt-­‐‑nr-­‐‑1r48e   CCGGGGGCGATGGATGCCTTTGGCGTGCAGTA   32  
1.5bppt-­‐‑nr1r48e   CCAGCTTCTTTTATACCTCTGAATCATCCATT   32  
1.5bppt-­‐‑nr3r48e   GGGTCGACGGTGAGCAATGGTTTCTCGATATC   32  
1.5bppt-­‐‑nr5r48e   CCGTCTGGTGTTCTGCCATGCGCTTCATATCA   32  
1.5bppt-­‐‑nr7r48e   AACTGCGCCGTCATCAAACGCACGCGGTAAAA   32  
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1.5bppt-­‐‑nr9r48e   CGTACTGGCTGGCCCCGTGGCGTTAAAAACGC   32  
1.5bppt-­‐‑nr11r48e   GCGTAAATATAGCGATTCAAACAGTGCATGGT   32  
1.5bppt-­‐‑nr13r48e   CCGGAACGTTTTCCATGTCGTCTGAGCCAGCA   32  
1.5bppt-­‐‑nr15r48e   ATGATGCGTCTCTTCACGGGCGAGGTGATTCG   32  
1.5bppt-­‐‑nr17r48e   AGTCCATGGCCCAGCTCTGAGCCTTAAGGCGT   32  
1.5bppt-­‐‑nr19r48e   CGGCATGTTGTAATAAGCGTTCATTTTGGGAC   32  
1.5bppt-­‐‑nr21r48e   AGATCGGATAGCTGTGAAAATATCAGTCTGGA   32  
1.5bppt-­‐‑nr23r48e   CGGCGGCAGGCTGATTAGGAAAACCATCGCCA   32  
1.5bppt-­‐‑nr25r48e   TTTCTCTGGAATGCTTTTGCTTGAATAAGCGT   32  
1.5bppt-­‐‑nr-­‐‑23r49f   GTGAGAACAGATAACCGAATCCCATGACGGAG   32  
1.5bppt-­‐‑nr-­‐‑21r49f   CGCCGTGCGCGGAAGGTTACCTGGGTTTTCGA   32  
1.5bppt-­‐‑nr-­‐‑19r49f   TCGTGGATTCGTGGAGGCCGTCGGAGTGGAAT   32  
1.5bppt-­‐‑nr-­‐‑17r49f   ACAGAGTGCGCAGTGTGAACACCGGCAGACCA   32  
1.5bppt-­‐‑nr-­‐‑15r49f   CAGCGGTGTCAAACCGGGCCATGAGTATTGGC   32  
1.5bppt-­‐‑nr-­‐‑13r49f   TGCAGACAGCGCTGTACTGGATAGAGGCAAAC   32  
1.5bppt-­‐‑nr-­‐‑11r49f   GATGGGACAGGTTGAAACCAGCACATCGTATC   32  
1.5bppt-­‐‑nr-­‐‑9r49f   GAGTTTCCTTCTCGGAAAAGCAGAGAATGAAA   32  
1.5bppt-­‐‑nr-­‐‑7r49f   ACGACGGCTTTATGACCCGACGGTACCAGATA   32  
1.5bppt-­‐‑nr-­‐‑5r49f   CCGGACGATTTCAGATAACCGCCAGCGCCTGA   32  
1.5bppt-­‐‑nr-­‐‑3r49f   AACTGGCGCACCGTCGAGGATTGAGCAATCCT   32  
1.5bppt-­‐‑nr-­‐‑1r49f   CCGGGCGGTCGGTATCGTTCCGGACGGAAAGC   32  
1.5bppt-­‐‑nr1r49f   GCCACGCATGATGACGCCGAGCCGGCAGGGCG   32  
1.5bppt-­‐‑nr3r49f   CACATCGATTTGCTATCACGTTGCAATTTG   30  
1.5bppt-­‐‑nr5r49f   CCGGTGTCTCATGTCAGGCCACTTACTCGTTC   32  
1.5bppt-­‐‑nr7r49f   GCTTTCTGTCAGCAAGCAGGGTGGCATACA   30  
1.5bppt-­‐‑nr9r49f   TGCTTCGGCGTTAACTTCCGGAGCTCAGCCAG   32  
1.5bppt-­‐‑nr11r49f   CGAATGTCTCGTACTGTTTTCCCGATAACA   30  
1.5bppt-­‐‑nr13r49f   CGGCAATAAAGTGAATTCAAACAGCGCTTTGT   32  
1.5bppt-­‐‑nr15r49f   AGGGCGATATGATCGGGGATTCAGCCTACC   30  
1.5bppt-­‐‑nr17r49f   GGTTTCATAGCAGGCGGTACGCATATCGCCAT   32  
1.5bppt-­‐‑nr19r49f   TCCGGCTGCCGTTGCCGTCACTGTCAGCCA   30  
1.5bppt-­‐‑nr21r49f   TTCGACAACCCGGGAGGTAAACGGACTCCGGC   32  
1.5bppt-­‐‑nr23r49f   TAGATACCTCGAAACCACCGAGCTACTTTT   30  
1.5bppt-­‐‑nr25r49f   ACACTGAAGCACCTGGGCCATGTAGCAGGCCT   32  
1.5bppt-­‐‑nr27r49f   CGTTTGGGTTTTGCATTTTTTCGCGTCTTGGCAA   34  
1.5bppt-­‐‑nr-­‐‑25r50e   AGGAGCTGTTTTGACTGTTCCGCTGCGTCCGACGCT   36  
1.5bppt-­‐‑nr-­‐‑23r50e   AAAGGCAGACGACGGCACGTATTGCTGAAT   30  
1.5bppt-­‐‑nr-­‐‑21r50e   GCGATGATAGCATGTGCCGGAAAAAAGGTAAA   32  
1.5bppt-­‐‑nr-­‐‑19r50e   TCGGCATAACGGGGCGCACTTTCGTGGAGG   30  
1.5bppt-­‐‑nr-­‐‑17r50e   TTTATATCGCACGGTGAATGGTGTAGCCTGGT   32  
1.5bppt-­‐‑nr-­‐‑15r50e   ATCAATACAGCACCTGACCGCACACGCTGC   30  
1.5bppt-­‐‑nr-­‐‑13r50e   TTGGTACGGCGGGGAATATCAGGTCAGACCCG   32  
1.5bppt-­‐‑nr-­‐‑11r50e   ATCAGACACACCGAAGGTGGTGCACCGGTG   30  
1.5bppt-­‐‑nr-­‐‑9r50e   AGTTCTGGTGCTCCGTCTGACCGTGAAATCTG   32  
1.5bppt-­‐‑nr-­‐‑7r50e   CTTGCCGAGTGAGCGGCTGGTCAGGGCTTC   30  
1.5bppt-­‐‑nr-­‐‑5r50e   CGGGCTATCGGAAACCACATACCGACGCAGAC   32  
1.5bppt-­‐‑nr-­‐‑3r50e   CCGGCAGCTGGGGAACTACAGGGCTGTGGC   30  
1.5bppt-­‐‑nr-­‐‑1r50e   ATCCGGCGTAAATGCGTGGGGGCATAATTTGT   32  
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1.5bppt-­‐‑nr1r50e   TGAAGCGGTCATCCCCCTGTTCGAACGTTCAG   32  
1.5bppt-­‐‑nr3r50e   AGCGGGGTTCCCGGTACGCTGCAGGTTCCTGT   32  
1.5bppt-­‐‑nr5r50e   GGACATTTATGCTGCCACCTTCTGTTTAAATG   32  
1.5bppt-­‐‑nr7r50e   TGCAAACCTTTCAGGAATCCAAGAATGCGATG   32  
1.5bppt-­‐‑nr9r50e   TGCTTTAGCCTGTGTCAGTTCTGAATTAAGGC   32  
1.5bppt-­‐‑nr11r50e   CGTCGTTCGCGGCGAAATATCTGGCAGGAAAG   32  
1.5bppt-­‐‑nr13r50e   CACGCCGGAGTCGTCATCCCATGTGCCCACCA   32  
1.5bppt-­‐‑nr15r50e   CGCGATAGCAGCAGAGTGTTAATCTTTCATTG   32  
1.5bppt-­‐‑nr17r50e   ATCGGGAGCGTTAACCGGAGTGATCTGCTCAA   32  
1.5bppt-­‐‑nr19r50e   GTTCAAGGACGTTCTGCAGTGTATGGTAAATC   32  
1.5bppt-­‐‑nr21r50e   CATGAAATTGCGCTCGGCTTCATCGGTAACGC   32  
1.5bppt-­‐‑nr23r50e   TTATGGCCAGCAAATCCGAAGGCCATGGTTCG   32  
1.5bppt-­‐‑nr25r50e   GCTGTACTTCATGGCTTTATGACGCCCCGTGA   32  
1.5bppt-­‐‑nr-­‐‑23r51f   GATAACGCGTTGACATGCCAGCGGACGTCCAC   32  
1.5bppt-­‐‑nr-­‐‑21r51f   AAGAGTGGGAACGAGGCGGTACAGCGTATACG   32  
1.5bppt-­‐‑nr-­‐‑19r51f   GCCATGTGATGAACGGTGCGGTGAGTGATTAA   32  
1.5bppt-­‐‑nr-­‐‑17r51f   AAGACGGCAACGTATTCGATGTGTTGGTCTGA   32  
1.5bppt-­‐‑nr-­‐‑15r51f   CTCAGCATCGCGGAAGTAAGCGTAAACGGGCG   32  
1.5bppt-­‐‑nr-­‐‑13r51f   TGAGCCAGTCGCCAGATAGTGGTGTGAACGAT   32  
1.5bppt-­‐‑nr-­‐‑11r51f   GCATTTATACTGTCACCGTGACCGTGTCTTTG   32  
1.5bppt-­‐‑nr-­‐‑9r51f   CGCCGATGAAGCAGTGTGGACTGGCCGGCCCG   32  
1.5bppt-­‐‑nr-­‐‑7r51f   TTCATGAAGCGGCGAGCGCGGCTTTACGGTGG   32  
1.5bppt-­‐‑nr-­‐‑5r51f   CGGCCCCCGGCGGAAAAAATCGTCACATTGCC   32  
1.5bppt-­‐‑nr-­‐‑3r51f   CCGGCCTTGCTGAAAACTGTACGATGTGAGTC   32  
1.5bppt-­‐‑nr-­‐‑1r51f   TGACCGCTGAACTCCGGGACGCTCTACCGTTA   32  
1.5bppt-­‐‑nr1r51f   CTGGTATTTATGAAATTCTTCGTCGTGGCAGT   32  
1.5bppt-­‐‑nr3r51f   AGCAAGGCTCCAGCTTTTGTGAATCCAGCA   30  
1.5bppt-­‐‑nr5r51f   TTAACTCATCTCATCTGCTTCTGCGGAAAAGG   32  
1.5bppt-­‐‑nr7r51f   GCCCCTCGAATGCATTCCGTGGTTGCATTG   30  
1.5bppt-­‐‑nr9r51f   CCGCTGTGAGCACACAGAATATGACCTGAGAG   32  
1.5bppt-­‐‑nr11r51f   GAAAGGCCTCATTGAACAAGTCCTCTGTTT   30  
1.5bppt-­‐‑nr13r51f   AACGGAGTAATGCTGCGAAGGGCGGCAACTTG   32  
1.5bppt-­‐‑nr15r51f   CGGATATTTTTTTTTGATTTCAGCCAGGCG   30  
1.5bppt-­‐‑nr17r51f   TGCTCCCCTCGACGTTTTTATCCGACACTCAC   32  
1.5bppt-­‐‑nr19r51f   GTGCCTCGGTGCTTCTTCAGTACGGTGGTT   30  
1.5bppt-­‐‑nr21r51f   ACGATCTCGGTGTGAATCCCATCAGTTGCGCT   32  
1.5bppt-­‐‑nr23r51f   CATCCCGCTAACATGCCGATTGCAATCAAT   30  
1.5bppt-­‐‑nr25r51f   TCACGCTTTTTCATGTTCATCGTTCCTGAACT   32  
1.5bppt-­‐‑nr27r51f   AGTACCAGTTTTAAGGAGCCTGTAGCTATGCGAA   34  
1.5bppt-­‐‑nr-­‐‑25r52e   AACGTGATTTTTCTGGAAAAAGTCGAGCTCTCGGCA   36  
1.5bppt-­‐‑nr-­‐‑23r52e   CCGTATTCAGCAGACTGGAGGAATTTTTTC   30  
1.5bppt-­‐‑nr-­‐‑21r52e   GGCGCGGCAAGGATGCCAGTGATATCGGGCGA   32  
1.5bppt-­‐‑nr-­‐‑19r52e   AGTACTGGGCTGTCAAAATTGATTGGCAAA   30  
1.5bppt-­‐‑nr-­‐‑17r52e   GGCAGGACAAACATTATGTCGCGGTTATTACT   32  
1.5bppt-­‐‑nr-­‐‑15r52e   GACGTTTGGAGGACACGGAGGACCGCCAGT   30  
1.5bppt-­‐‑nr-­‐‑13r52e   CCTTTTGATTTCTGGTTGCCGCCAGCGTTATC   32  
1.5bppt-­‐‑nr-­‐‑11r52e   TACCCGTTGACCCGGCAAACGGTTGCGGAT   30  
1.5bppt-­‐‑nr-­‐‑9r52e   CAGCGTGATTTGTGGCGCAGGGCAACAGTTTG   32  
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1.5bppt-­‐‑nr-­‐‑7r52e   TGTAAAGCGACGTGTTCCTGAACGCCGCAT   30  
1.5bppt-­‐‑nr-­‐‑5r52e   ACGCTGAGACCATTACCAGCGGCGGCTGACGC   32  
1.5bppt-­‐‑nr-­‐‑3r52e   GACGATATTCCCTGACACCGGATTGCCGCA   30  
1.5bppt-­‐‑nr-­‐‑1r52e   GTGAATGCAAAAATGCGGATATCATGTTTCTA   32  
1.5bppt-­‐‑nr1r52e   GGCTAACGGGCACAAACCTGATTCTGAACTTC   32  
1.5bppt-­‐‑nr3r52e   CCATCATTTATGTGCCATCTCGATCTTTCCGG   32  
1.5bppt-­‐‑nr5r52e   CTGGTTTCACAGAAGATGCTTTGTTGGAAGTA   32  
1.5bppt-­‐‑nr7r52e   GCCAGAAATTTATTATTTATCTCCCACACCGG   32  
1.5bppt-­‐‑nr9r52e   CAAGCATACTTTCAGTGGATTTCGCAGGCCAG   32  
1.5bppt-­‐‑nr11r52e   CTGAGGTGGGGAAATACCCAGCCTGGTTCTGG   32  
1.5bppt-­‐‑nr13r52e   TGACGGGCAGACGAAAGTGATTGCGTAACATT   32  
1.5bppt-­‐‑nr15r52e   TGTCTGGCATCGTGAGGATGCGTCACTTTCGT   32  
1.5bppt-­‐‑nr17r52e   AAATGTCAAAATACAAAACCAATTCATAAACC   32  
1.5bppt-­‐‑nr19r52e   GTTTCGCGTCCATTTTTTCGATGAGCATTTCA   32  
1.5bppt-­‐‑nr21r52e   AATGAGTCGTCAAAACTCGCCATGCGGAACTT   32  
1.5bppt-­‐‑nr23r52e   ACGCCGTTTCAATCACGACATAATAGCTGACT   32  
1.5bppt-­‐‑nr25r52e   ATTTTGCTCATACGCGGGTCATAGACCCACAT   32  
1.5bppt-­‐‑nr-­‐‑23r53f   ACGGCATTGGCGTACTGACGGATTCCAGGTAA   32  
1.5bppt-­‐‑nr-­‐‑21r53f   TTTGCCAGATTGCTTATGAAGGCTGAACCGGT   32  
1.5bppt-­‐‑nr-­‐‑19r53f   GAAACAGGAGATTAATCCGGCAGCGCAGTAAA   32  
1.5bppt-­‐‑nr-­‐‑17r53f   GTGTGTTACATACCTCAGTGGCGTGCACAGGA   32  
1.5bppt-­‐‑nr-­‐‑15r53f   TTTTATTACGACCACTGCCAGGGACAGCTGAA   32  
1.5bppt-­‐‑nr-­‐‑13r53f   GCGTAATGACGGAAATCACTCCCGTGGTGGTG   32  
1.5bppt-­‐‑nr-­‐‑11r53f   CCGCACTTGGTGGTCCGGCAGTACGATGAAGC   32  
1.5bppt-­‐‑nr-­‐‑9r53f   TGCGGAAGGCGTACGCCATGGCCGAGTACGGT   32  
1.5bppt-­‐‑nr-­‐‑7r53f   GCTATTTTGACCGGTTTTACAAATGACGGTTT   32  
1.5bppt-­‐‑nr-­‐‑5r53f   GTCGTTGTCTGCGTGGACGTTATGTCACCGTG   32  
1.5bppt-­‐‑nr-­‐‑3r53f   ATCTGAAATGACCGGGGAGGATACCTGAATGA   32  
1.5bppt-­‐‑nr-­‐‑1r53f   TGAGCTGATTCGCCGCGTCGAAAAATGATGCC   32  
1.5bppt-­‐‑nr1r53f   TTTCTTTCTCGCGGCGTTTGATGTGATGGCTT   32  
1.5bppt-­‐‑nr3r53f   CAATCGATTACTGTTAGCGCAATGATAATA   30  
1.5bppt-­‐‑nr5r53f   TCTGCGTCTTTGCTGTTTCAAGCTTCGCACAT   32  
1.5bppt-­‐‑nr7r53f   CCTGCTCTGTAATACTCACGCTGTAGACTT   30  
1.5bppt-­‐‑nr9r53f   TTAATTTCATACGCTTACTCCCATTGCCGACT   32  
1.5bppt-­‐‑nr11r53f   ACTGATAATTCACGGACTTCGTTAAACACC   30  
1.5bppt-­‐‑nr13r53f   CACAAGTCGGATGGCGAACAACAAGACACCGG   32  
1.5bppt-­‐‑nr15r53f   TCTTCGTTAGTGCAGTGCTTGATAATCTTT   30  
1.5bppt-­‐‑nr17r53f   AACAATGAATTAACTGCCGCAGAAACTCATTT   32  
1.5bppt-­‐‑nr19r53f   CAGGCGGCGATGTCGATAGTTACTTTCAGC   30  
1.5bppt-­‐‑nr21r53f   GTAATTCTTGACCTCCAACCCCGTTAAAGAAA   32  
1.5bppt-­‐‑nr23r53f   GATGTCTGATGCAGATACTCACCGTTTGAG   30  
1.5bppt-­‐‑nr25r53f   GTTGGTTACCTTTGATGCGAATGCACTCTGGC   32  
1.5bppt-­‐‑nr27r53f   TAATAAAATTTTGCGTTATCTTTTACATCAGCAT   34  
1.5bppt-­‐‑nr-­‐‑25r54e   GGGTCGGTTTTTCCTGACGTTCACGCTTGTCGGGGA   36  
1.5bppt-­‐‑nr-­‐‑23r54e   GGCGACTCGGCAGATATTCCGCGTGTTCTC   30  
1.5bppt-­‐‑nr-­‐‑21r54e   TTGTTGATCGATGTGCAGGTTATGTTTATGAT   32  
1.5bppt-­‐‑nr-­‐‑19r54e   GGTATACCGCTGGGCATCAGCGTATCTGAA   30  
1.5bppt-­‐‑nr-­‐‑17r54e   CAATGCGGCAGAGGTTCGTCCGGGCTGTCAGC   32  
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1.5bppt-­‐‑nr-­‐‑15r54e   AAAGAGATAAAACAGTGAGAGGCTTCCGCT   30  
1.5bppt-­‐‑nr-­‐‑13r54e   ACCGTAAGTGTGTATTGCCGTTGCATGACCAT   32  
1.5bppt-­‐‑nr-­‐‑11r54e   CACAGTCGCGGTGACAGTCACTCCGTCAGG   30  
1.5bppt-­‐‑nr-­‐‑9r54e   AGGTCAGTGTGGACATGGTACGTTTTCCGCGC   32  
1.5bppt-­‐‑nr-­‐‑7r54e   ATGGCCGCAAGTGAAACCGGGTGGGGACAT   30  
1.5bppt-­‐‑nr-­‐‑5r54e   ATGAGAGCCGGGCGGGGATACCGGTAAACGGT   32  
1.5bppt-­‐‑nr-­‐‑3r54e   ACAGTGAGGGATTAACGTGAAGAGTAATGT   30  
1.5bppt-­‐‑nr-­‐‑1r54e   CCCTGGGGCGGACAGTGTGGGGGTATTGCTGG   32  
1.5bppt-­‐‑nr1r54e   TCTCCTGGCCGTTCATCCAGCAGTAGGGATGC   32  
1.5bppt-­‐‑nr3r54e   AGTTTCCCGGTGTTACCAATTCATTTTCGCCA   32  
1.5bppt-­‐‑nr5r54e   GTTTTGATAAATCCCCAGTCGTCATGTCATAC   32  
1.5bppt-­‐‑nr7r54e   ACACCTTCGCCGCTTCACGCAGTGAGCCCGCT   32  
1.5bppt-­‐‑nr9r54e   GTTTAGCAGCTCACTTCGAACCTCCATGTCGG   32  
1.5bppt-­‐‑nr11r54e   TTTCCGTCGTTCCAGATCCTCCTGTTTTCCTG   32  
1.5bppt-­‐‑nr13r54e   TCTTCCCACGACAACCCTGAACGAAATTAGCC   32  
1.5bppt-­‐‑nr15r54e   AGGTCACCCATCTATCGGATCGCCGAAACTGC   32  
1.5bppt-­‐‑nr17r54e   CTTGTTCGGTGGCAGATATAGCCTGCTACGGC   32  
1.5bppt-­‐‑nr19r54e   TGCGTAATGCATTTTTATTGCTGTGCGTTACC   32  
1.5bppt-­‐‑nr21r54e   GAACCCATTCTATTTCTGATGCTGCAGGCTTA   32  
1.5bppt-­‐‑nr23r54e   GACATCATCCATCTTTCATTAATCCCTTAAAG   32  
1.5bppt-­‐‑nr25r54e   CTCACTCTATACGCTTGAGGGTGACCCTGATG   32  
1.5bppt-­‐‑nr-­‐‑23r55f   CACAGTGTGAAAGCGTCAGAGGCCAGAGGCAG   32  
1.5bppt-­‐‑nr-­‐‑21r55f   GGGCTTTTCAGCCGCCACGTCTGCTCATCAAG   32  
1.5bppt-­‐‑nr-­‐‑19r55f   GATTTCAGGTCAGAAACGAATGCTAACGGCGG   32  
1.5bppt-­‐‑nr-­‐‑17r55f   AAACCGGTCGGCGGCCACCAGTGCAAAACGTC   32  
1.5bppt-­‐‑nr-­‐‑15r55f   AGCCAGACAAGTGCCGCAGCCGCAAACAGCAG   32  
1.5bppt-­‐‑nr-­‐‑13r55f   AACACGGTCGGCATCAGCAAAGGCGCAGACGC   32  
1.5bppt-­‐‑nr-­‐‑11r55f   CGGGCGTTGTCAGCTCAGGAAGCGGTCAACGG   32  
1.5bppt-­‐‑nr-­‐‑9r55f   CAGTACAGCCGCCAGCACGTCCGCGCGGGAAG   32  
1.5bppt-­‐‑nr-­‐‑7r55f   TCCACCATCCTTGTGACTGATGCAAAGTGCGG   32  
1.5bppt-­‐‑nr-­‐‑5r55f   TATGAAGAATGCCAGTGCATCAGCAAAAATTC   32  
1.5bppt-­‐‑nr-­‐‑3r55f   TTTTCTCTGAGTACGGCAGACGCGTTCAGCTG   32  
1.5bppt-­‐‑nr-­‐‑1r55f   CGGCCGGAAGGTGGCGCGTAACGCACGAGAAA   32  
1.5bppt-­‐‑nr1r55f   AAGTATCGCTATATGTTTTGTACAGAACTGAT   32  
1.5bppt-­‐‑nr3r55f   ATTTTGCAAGGATTGTTATGTAACATGTAA   30  
1.5bppt-­‐‑nr5r55f   TGCAGAATGAGTTCAGATAAAATACCTCTGCT   32  
1.5bppt-­‐‑nr7r55f   ATAAACCTATCATCTCCATAAAAAAGCCAT   30  
1.5bppt-­‐‑nr9r55f   CTATATCTATTCCATTCTCCTGTGCTGTTGAT   32  
1.5bppt-­‐‑nr11r55f   TTCGTGATCCGCTTCGATAACTCGTGTCCT   30  
1.5bppt-­‐‑nr13r55f   ATCTGCACCATCCAGTGGTCGTAGATAGCTTC   32  
1.5bppt-­‐‑nr15r55f   TTGCTCAGTTACGTCTGCATGTGGCCTAAT   30  
1.5bppt-­‐‑nr17r55f   ATAAACTCGTGTTCTTTCAGTTCTTCCCTGTA   32  
1.5bppt-­‐‑nr19r55f   TAAACGGTACGCAAGAAAAAACCATAAAGG   30  
1.5bppt-­‐‑nr21r55f   CAGTAAGATGTCAAGTACATCGCATGACTTCG   32  
1.5bppt-­‐‑nr23r55f   TACGGTCAGACGTCGCTGGCGTGTCAAAAG   30  
1.5bppt-­‐‑nr25r55f   ATCGCTGTAACCCATCGACGAACTGTCAACCT   32  
1.5bppt-­‐‑nr27r55f   TTTCACAATTTTTAACCGGAGGTGGGAACTCTCT   34  
1.5bppt-­‐‑nr-­‐‑25r56e   AGCACGAGTTTTTATAAATTCTGATTAGCATCGTTG   36  
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1.5bppt-­‐‑nr-­‐‑23r56e   CGGCCACTATGACAGCCCGCCGCCGGCAGT   30  
1.5bppt-­‐‑nr-­‐‑21r56e   ACAACAATTTGTGGGGTGAATATGGTCCGTCG   32  
1.5bppt-­‐‑nr-­‐‑19r56e   CGAAAACGAGTCCTGAAAGACGGGAGTGCA   30  
1.5bppt-­‐‑nr-­‐‑17r56e   AAAAAACGACAGAACTGCACCATTCGAAAGTG   32  
1.5bppt-­‐‑nr-­‐‑15r56e   CGGAAAAGTAACAGCACCACGGGGTATATG   30  
1.5bppt-­‐‑nr-­‐‑13r56e   CGCAGAAGGGGCTCAGAGAATCCGAATGGATT   32  
1.5bppt-­‐‑nr-­‐‑11r56e   CTGCATCACAGCATGGATGTGGGAGTGGCT   30  
1.5bppt-­‐‑nr-­‐‑9r56e   AGCACGCGTGTCATCCTGCAGGTTCAGTAAGC   32  
1.5bppt-­‐‑nr-­‐‑7r56e   TCGCGGCCGCACGCCGGGACCATGAGCGTG   30  
1.5bppt-­‐‑nr-­‐‑5r56e   AGCCGGCGTTCACAACCGGGGACGGTTTCACT   32  
1.5bppt-­‐‑nr-­‐‑3r56e   TGGCACAGTGCCATGACGGAGGAGAGCAGC   30  
1.5bppt-­‐‑nr-­‐‑1r56e   GGTGGAAGGGTGCTGCGTCGTCTTGAGAGGGC   32  
1.5bppt-­‐‑nr1r56e   TTAATCATTTTCCACCGTACTCGTATCCTCGT   32  
1.5bppt-­‐‑nr3r56e   CGAGTGCGCGGTATCAGTCATTTCCAACACGC   32  
1.5bppt-­‐‑nr5r56e   GCCGTAGCGGGGATTTGTCTTCATCTCGTTGA   32  
1.5bppt-­‐‑nr7r56e   GTGCATTTTCATGGAATATTTGTACCGAGATA   32  
1.5bppt-­‐‑nr9r56e   GGCTCTCCATACCTTCATCTACATGCTTTCCA   32  
1.5bppt-­‐‑nr11r56e   GATGTTCTGTCTGCATGGAGACAAGAAACTGG   32  
1.5bppt-­‐‑nr13r56e   GCCCATATAACATTGATAACGCCCAACAGGAG   32  
1.5bppt-­‐‑nr15r56e   AATATTGGACTCTAACTCATTGATACTCTTCC   32  
1.5bppt-­‐‑nr17r56e   GCGGCTTGCTTGCAATGTATGTCGTAACGGGT   32  
1.5bppt-­‐‑nr19r56e   GCAATTACATCAGCAATGTTTATGAATAGCGA   32  
1.5bppt-­‐‑nr21r56e   TCCTGAAGTAATACTCAACCCGATTGCATCCT   32  
1.5bppt-­‐‑nr23r56e   GCTTCTTGTCATCTGACACTACAGCAGCGTCA   32  
1.5bppt-­‐‑nr25r56e   CATTCCCGGAAGACGACGCGAAATAAACCGAT   32  
1.5bppt-­‐‑nr-­‐‑23r57f   CAAAATCATTTTGCGGAAAATGATCAGGGATA   32  
1.5bppt-­‐‑nr-­‐‑21r57f   TGCCGGTCGGCTTTCCACGGCGAAGATGTTCT   32  
1.5bppt-­‐‑nr-­‐‑19r57f   CAGAAAATACCGAAGAATGCGACATTCGGCCT   32  
1.5bppt-­‐‑nr-­‐‑17r57f   CGAGACGACCACCATGACTAACGCTGGCCATC   32  
1.5bppt-­‐‑nr-­‐‑15r57f   CGGAACGGCGCAGCGCTCGGGAATCCTGATGC   32  
1.5bppt-­‐‑nr-­‐‑13r57f   AAAAACAGCTGACGCACTGAATACGCCTACCC   32  
1.5bppt-­‐‑nr-­‐‑11r57f   CATCCACGGGCCGCGATTGCAGATGGGTGTGC   32  
1.5bppt-­‐‑nr-­‐‑9r57f   TGCGGTATATACCCAGATTGCGAAATCAAGGG   32  
1.5bppt-­‐‑nr-­‐‑7r57f   CAGAAGCGAACAGCACCAACCGCGATTGTCTC   32  
1.5bppt-­‐‑nr-­‐‑5r57f   GGCAAAACCACTGGACAGTCCGGCCACACCCA   32  
1.5bppt-­‐‑nr-­‐‑3r57f   TCGCGCTTAGGTGGTAATGGATGATTTGGGGA   32  
1.5bppt-­‐‑nr-­‐‑1r57f   GGGGATAGGAAACGCTTGCTGCAATACGGGAC   32  
1.5bppt-­‐‑nr1r57f   CCTCCTTATTCAAGTGGAGCATCAAACCAACA   32  
1.5bppt-­‐‑nr3r57f   TTTATGAGGCATTGCCGCAATTTTTATACT   30  
1.5bppt-­‐‑nr5r57f   GGCCAGGACGCCGCCTTGCCCTCGGCTTATCA   32  
1.5bppt-­‐‑nr7r57f   GAATGTAACGCTCAGTGTTGATCATCAGTC   30  
1.5bppt-­‐‑nr9r57f   TCTCGCTGATGGCCTTCAGCTATTAATTTTGT   32  
1.5bppt-­‐‑nr11r57f   GAAAATAACGCGAGTGGCAGCGAGATACTG   30  
1.5bppt-­‐‑nr13r57f   AGTGATTGAAGTCTTGATCTCCTTCCCGAGAA   32  
1.5bppt-­‐‑nr15r57f   CCAAACTCCTTGATAAATTTTCATCTGCTT   30  
1.5bppt-­‐‑nr17r57f   GCAGTAATAAGTCTGAGCCAACATGCGCAACT   32  
1.5bppt-­‐‑nr19r57f   TTAGGGGGGTTGCCCGGTAACAACGAAGGA   30  
1.5bppt-­‐‑nr21r57f   CCTTCTTCAGACCACTTCATTTCGCATAAAAT   32  
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1.5bppt-­‐‑nr23r57f   GCCACCTGGCTCGACATAAAGATGCGGTTC   30  
1.5bppt-­‐‑nr25r57f   TTACCGCTTGGGATGGCAATTTTTTTCTCCGC   32  
1.5bppt-­‐‑nr27r57f   TCCATCCTTTTTATATTCCGAGAGCATGTGTTTC   34  
1.5bppt-­‐‑nr-­‐‑25r58e   CCTGACTGTTTTATGCGGTGGCCTCAAAGCCACTTC   36  
1.5bppt-­‐‑nr-­‐‑23r58e   TACCGTATCAGAAACGAACGCACTCCACCG   30  
1.5bppt-­‐‑nr-­‐‑21r58e   GCTGGCAGGTGCAGCTTCCTCGGCGCAGCGTC   32  
1.5bppt-­‐‑nr-­‐‑19r58e   GTAAACATCTGCCAGGGCGGCACGGTGCGG   30  
1.5bppt-­‐‑nr-­‐‑17r58e   TTTTGCTAATGCCAGGTCATCTGAGAGTCCTC   32  
1.5bppt-­‐‑nr-­‐‑15r58e   AACTGGCAGCGCCTCTGCCGCGCACTGAAG   30  
1.5bppt-­‐‑nr-­‐‑13r58e   CGCGTCACCGGCGGCGGGGAGTGCTCCTCCGG   32  
1.5bppt-­‐‑nr-­‐‑11r58e   TTGTACTAAGGCGACAGAGGCTCGGACAGG   30  
1.5bppt-­‐‑nr-­‐‑9r58e   AACAAACACAGCATCGCAGAGCAAACTGACTC   32  
1.5bppt-­‐‑nr-­‐‑7r58e   GAACGCCGCGGCAATACGTGCATGCTCAGG   30  
1.5bppt-­‐‑nr-­‐‑5r58e   GAAAAGCCGTGCAGAAGATATAGCAAGAAATC   32  
1.5bppt-­‐‑nr-­‐‑3r58e   GCGGTTAGAGGATGCGGACACAGTCCGTGG   30  
1.5bppt-­‐‑nr-­‐‑1r58e   GCACGTCTTGCAGCTCAGCAGTGCGGCAGACC   32  
1.5bppt-­‐‑nr1r58e   GTGATGTCTTGCTTTAATTTTGCTTATTGGGT   32  
1.5bppt-­‐‑nr3r58e   TCCATTGATGTCTTCTGCTTGATTAATCCCCG   32  
1.5bppt-­‐‑nr5r58e   TTGGCTGATTTTTTCGTAGCGATCCAAAACCC   32  
1.5bppt-­‐‑nr7r58e   GAATGCATCGTAACGGAATTATCAACTCGGAA   32  
1.5bppt-­‐‑nr9r58e   GTTGTTATTCAGAGGCTTGTGTTTTGTTGAAT   32  
1.5bppt-­‐‑nr11r58e   TTTTGCTGCTCAATGTTGGCCTGTCAGTCGTT   32  
1.5bppt-­‐‑nr13r58e   TCAGCCGTCGATTCGCCTGTCTCTCTATCTGC   32  
1.5bppt-­‐‑nr15r58e   TTCTGCTGTTTACCCGTCCTTGGGTCAATTCG   32  
1.5bppt-­‐‑nr17r58e   TCCATTGCATCCATTGTTTCTTATGCCATCAG   32  
1.5bppt-­‐‑nr19r58e   ACCAACTCTAAATCCCGGCGCTCAAAGTCTCC   32  
1.5bppt-­‐‑nr21r58e   ACGATATCCCATTTCTGATCCTCTCGTTCCAC   32  
1.5bppt-­‐‑nr23r58e   TTTGCTTTTTACTGGTCGATTTAAGTTTCAAG   32  
1.5bppt-­‐‑nr25r58e   AATGCTGTGATTCGTGGAACAGATATATCCTG   32  
1.5bppt-­‐‑nr-­‐‑23r59f   TTCTGGCAACGCTGCGGGTAACGCATATTGTG   32  
1.5bppt-­‐‑nr-­‐‑21r59f   TGAATACCATTGGTTCACACGGACATGAGTGA   32  
1.5bppt-­‐‑nr-­‐‑19r59f   TTCCGGCATTGTTATCGGTGCTCATAATCTGC   32  
1.5bppt-­‐‑nr-­‐‑17r59f   AGATATCGACAGTTGGTATTGGTGGGTGAAGG   32  
1.5bppt-­‐‑nr-­‐‑15r59f   AGGGGCAGGTACAGCCGTGAGTGCCGGTCTGC   32  
1.5bppt-­‐‑nr-­‐‑13r59f   AAAACTTGAGTCAGGGCAGCCACACCGCCAGA   32  
1.5bppt-­‐‑nr-­‐‑11r59f   TTCCTGATCACAGGGTATTGCTTATTTCAACA   32  
1.5bppt-­‐‑nr-­‐‑9r59f   GAAACCCGGGAAGTTTATCCACAGGTTGAAGA   32  
1.5bppt-­‐‑nr-­‐‑7r59f   AGGAACAGGCTGGAGTCAGTATGGCGTGGCTT   32  
1.5bppt-­‐‑nr-­‐‑5r59f   CAGTGCCACACACAAGTGGTTTAAGAACTCGG   32  
1.5bppt-­‐‑nr-­‐‑3r59f   CGAAAACCGCGGTTCAACAGGGGCGTTATCGC   32  
1.5bppt-­‐‑nr-­‐‑1r59f   GAAAACAAAATAACACGGGGGCTCAACGGCAC   32  
1.5bppt-­‐‑nr1r59f   TTTTACGTTTTAATATATTGATATCGGCACCA   32  
1.5bppt-­‐‑nr3r59f   AAGTTGGCTTATGTAGTCTGTTTAATAGTC   30  
1.5bppt-­‐‑nr5r59f   ATTTGTTGCATAGTGACTGCATATTGCCTTAT   32  
1.5bppt-­‐‑nr7r59f   AAAATAAACAGGTCACTAATACCCGCCTCT   30  
1.5bppt-­‐‑nr9r59f   CCCACTCCGACAAAAATCACCTTGATAGTAAC   32  
1.5bppt-­‐‑nr11r59f   TGATGCCACAGGTTTGATGACAAAATTTAT   30  
1.5bppt-­‐‑nr13r59f   GATGTTGAATTGCGAGGCTTTGTGTTTAAGTT   32  
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1.5bppt-­‐‑nr15r59f   CTCATAGAGTAGTGGGTGGCACATCTAAAA   30  
1.5bppt-­‐‑nr17r59f   CGTGAAAGTCACTGCTATCTTCTTGCATCGTA   32  
1.5bppt-­‐‑nr19r59f   AAGACCTGAAAGAAAAGAAGTCACTGCTTC   30  
1.5bppt-­‐‑nr21r59f   ACCTTGATAAGGTATGCATGCTGGATGTTGCA   32  
1.5bppt-­‐‑nr23r59f   GCGACGAGCATAACAGACATTCAATAGTCT   30  
1.5bppt-­‐‑nr25r59f   CAAGAATCTTTTTCATAAGTGTTAAACGATTA   32  
1.5bppt-­‐‑nr27r59f   CTTCATTGTTTTAGCCGATAGATAGCCTTTCAAG   34  
1.5bppt-­‐‑nr-­‐‑25r60e   CCGTCAAATTTTAACTGACTCAGGTTGGGCCGCCAG   36  
1.5bppt-­‐‑nr-­‐‑23r60e   ACCGTTAAAAAATTCCGTTGCAAAATAAAT   30  
1.5bppt-­‐‑nr-­‐‑21r60e   CTTTCAGTTTGGGGCCGGTGAGAACTGACGGC   32  
1.5bppt-­‐‑nr-­‐‑19r60e   CATCCGGGGTGCGCCGATCCCGGCTTGCGG   30  
1.5bppt-­‐‑nr-­‐‑17r60e   ATGCGCATTTCCGTCTGGCTACGTGATCCAGA   32  
1.5bppt-­‐‑nr-­‐‑15r60e   TTGTCCGGCGTTTGACAAATCAGCTGAATG   30  
1.5bppt-­‐‑nr-­‐‑13r60e   AAACGGACCTGTCGCGTATCCATCGTTATCGA   32  
1.5bppt-­‐‑nr-­‐‑11r60e   ACCAGCAATGCGAGGCTGGACACACCGCTT   30  
1.5bppt-­‐‑nr-­‐‑9r60e   CCATTACACCAGCGGTCGTGCTGTCTCAGGGG   32  
1.5bppt-­‐‑nr-­‐‑7r60e   AGTTCTGGATGGAATTAAGTCGACTGACCG   30  
1.5bppt-­‐‑nr-­‐‑5r60e   CTCATGCCGTGCATCCGGTACGGAAACGAACA   32  
1.5bppt-­‐‑nr-­‐‑3r60e   AGTCTGAACATCGTCGTTTGATCGCCAAAG   30  
1.5bppt-­‐‑nr-­‐‑1r60e   AATCGACGCAGGCAGTTTCGATTATTATATCA   32  
1.5bppt-­‐‑nr1r60e   AAATCTAATTCTCGTTCAGCTTTTCTTTTGTG   32  
1.5bppt-­‐‑nr3r60e   TTACAGTAATTATAAAAAAGCATTTCTATGTA   32  
1.5bppt-­‐‑nr5r60e   AGTTGATTCAACGAACAGGTCACTTGATTAAC   32  
1.5bppt-­‐‑nr7r60e   CTCTGTTAATCATTATTTGATTTCGCCTCTCG   32  
1.5bppt-­‐‑nr9r60e   CGCAAGAACTGCCTCTGTCATCACCATGGTTT   32  
1.5bppt-­‐‑nr11r60e   GAGTGCGATGGTGTCCGACTTATGACCTCTGA   32  
1.5bppt-­‐‑nr13r60e   TGCACTGGGCAAACTTATCGCTTAGGTATTCG   32  
1.5bppt-­‐‑nr15r60e   TGCAGGTCGTCTTGCAGACAAACTGGTGATGA   32  
1.5bppt-­‐‑nr17r60e   GTTTGACAGTAGGCGGATCCCCTTCAGCCAGT   32  
1.5bppt-­‐‑nr19r60e   AAGTCGTGATGCTTTTCGTGCGCGCATAAATC   32  
1.5bppt-­‐‑nr21r60e   ATGGCGGAACTGTGCCGGATGAAAATCCATCT   32  
1.5bppt-­‐‑nr23r60e   TCCTCGCTTAGATGCAATTATGGTACGCCTGT   32  
1.5bppt-­‐‑nr25r60e   CGTAGCCATCTTTGCATTTATCAACAATATGC   32  
1.5bppt-­‐‑nr-­‐‑23r61f   AGGCTTGCTCATAGTGTTTACATCAATATGGT   32  
1.5bppt-­‐‑nr-­‐‑21r61f   ACAACCACGAGAATAATGGAAGTTTGTTGATA   32  
1.5bppt-­‐‑nr-­‐‑19r61f   TGGCCGGAGTATTGGTTTATTTGGCGTTTTCT   32  
1.5bppt-­‐‑nr-­‐‑17r61f   TGACGCATTCTGCGGTTAGTTAGTTTTTTGAT   32  
1.5bppt-­‐‑nr-­‐‑15r61f   CTGCAAACATATGCCGCAGAAACGCCTGAAGT   32  
1.5bppt-­‐‑nr-­‐‑13r61f   TATTCCGGGCTGTCCCTGTTATGGATGTATTG   32  
1.5bppt-­‐‑nr-­‐‑11r61f   GTGATGAGATACATCAACTGCACCTTCTGAGC   32  
1.5bppt-­‐‑nr-­‐‑9r61f   CCATCGGGAAGAAGTATCGGGTGTGCCATAGG   32  
1.5bppt-­‐‑nr-­‐‑7r61f   CCGGCGACCGAAGGAAGAAACCTCCTGCATAA   32  
1.5bppt-­‐‑nr-­‐‑5r61f   TCCGTTACCTTCAGGATGCTGCAGTTGATCTT   32  
1.5bppt-­‐‑nr-­‐‑3r61f   CGGGAGGGTGATGCAGGTAGCCAGTTGGATGG   32  
1.5bppt-­‐‑nr-­‐‑1r61f   AGCCTGGGATCCGGGAGGCGGAAGTGTTTGAA   32  
1.5bppt-­‐‑nr1r61f   TAAGATAATTTCACCATGCTCATCAGAAAAAC   32  
1.5bppt-­‐‑nr3r61f   ATTCCAACAAACCAATTTTAACACTTAGTT   30  
1.5bppt-­‐‑nr5r61f   TTTTTTCTAATAAGTGCTTACTTCGTCTTTTT   32  
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1.5bppt-­‐‑nr7r61f   TTCAATAAGGGAGTTGACTGAATAATGCTG   30  
1.5bppt-­‐‑nr9r61f   CCTTAATTCAATGCTTTCACCTAACTAGTGAT   32  
1.5bppt-­‐‑nr11r61f   TTGGCGGCTCGCTTAATTTGCTGTTGAGTC   30  
1.5bppt-­‐‑nr13r61f   ACTCTCTAGAATAGCTTTAAGAAGTTGCTGGG   32  
1.5bppt-­‐‑nr15r61f   ATTAGTAGGCTAATCGATTTGGCAAAGGAT   30  
1.5bppt-­‐‑nr17r61f   TTGTAGTTAGGTGTTAAGGACGCTCAAGCGAT   32  
1.5bppt-­‐‑nr19r61f   CTTTTGGAATTTCTGAAAGAGTTGACTCGA   30  
1.5bppt-­‐‑nr21r61f   TGGTGCACAACCATTTAACACACGAATATTCA   32  
1.5bppt-­‐‑nr23r61f   ATTAATGCAATGAAAAGTGGAAACCAATCA   30  
1.5bppt-­‐‑nr25r61f   GCTCTTCAAATCACTGAATCCGGGCACACCCA   32  
1.5bppt-­‐‑nr27r61f   TACTAATATTTTGAATTAACCGTCACCTTCGTGC   34  
1.5bppt-­‐‑nr-­‐‑25r62e   TTGCTTTTTTTTAACATTGCATTTAACTGGAAAACA   36  
1.5bppt-­‐‑nr-­‐‑23r62e   CAATTGTATAATGGCATTCAGAACACCATC   30  
1.5bppt-­‐‑nr-­‐‑21r62e   ATCTTCAGGGACCATAAAAATTTATGCCCATT   32  
1.5bppt-­‐‑nr-­‐‑19r62e   AAGCTGAACTAATGAATTTATTCGCACCAG   30  
1.5bppt-­‐‑nr-­‐‑17r62e   AATAACGTATATTCCGCCTCATACCGGTGCAC   32  
1.5bppt-­‐‑nr-­‐‑15r62e   TTTTGTGAGTACCGATATTGCAGTCACTCA   30  
1.5bppt-­‐‑nr-­‐‑13r62e   AGTGGCCTCTGGCTTTGTGGCTGTTTTATCGA   32  
1.5bppt-­‐‑nr-­‐‑11r62e   CGTGTTGGCATCGTGGCATCTCTTAAAGGA   30  
1.5bppt-­‐‑nr-­‐‑9r62e   AAGCCTGGGTAAAACCGTCTATGAAACAGCAA   32  
1.5bppt-­‐‑nr-­‐‑7r62e   ATTGCAAGCGTTATTTATTTCTGGATGAAC   30  
1.5bppt-­‐‑nr-­‐‑5r62e   TTGCGCCGCGGAAAATTTTACCTGCGCGGGTG   32  
1.5bppt-­‐‑nr-­‐‑3r62e   AAAAGCCGAATATCAGAAGTGGATGCTCAC   30  
1.5bppt-­‐‑nr-­‐‑1r62e   TGTTCCGGTGAAGGATACGGAAGCAAAGACAG   32  
1.5bppt-­‐‑nr1r62e   ATCGCATTAACATTGTAACAAAGGTTTATGCA   32  
1.5bppt-­‐‑nr3r62e   GACCTACACATCTGCTCGTAGGAAGTTGTGTT   32  
1.5bppt-­‐‑nr5r62e   TATTAATGACTGCAGGAATATACCATCTAAGT   32  
1.5bppt-­‐‑nr7r62e   ACATTTCACACTAAACTCCAACATCGCTAATG   32  
1.5bppt-­‐‑nr9r62e   ATAGTAGTTTATTAAAATAACCGCAAAATTAG   32  
1.5bppt-­‐‑nr11r62e   TAAAACCAAACACAGGATCTCTCTCTTCTCTG   32  
1.5bppt-­‐‑nr13r62e   TAAATCCTTTACATACGTTTTCCACAAAGCTT   32  
1.5bppt-­‐‑nr15r62e   CAATGTCGTATTGAACTTAACGGGACTGGTTA   32  
1.5bppt-­‐‑nr17r62e   AAGTAATGTTCCATATTTAGCTTTGCTGCGTC   32  
1.5bppt-­‐‑nr19r62e   GTCCATGATAACCCACTGTTATTCGTGTGGGG   32  
1.5bppt-­‐‑nr21r62e   TTCTGGCATGTTTATACCAACGATCTACAGTT   32  
1.5bppt-­‐‑nr23r62e   TTCTATTAATATATAGTATCGCCGACTTCCGC   32  
1.5bppt-­‐‑nr25r62e   TATAGTTAGGCTTCTGAAGAAGCGACGGACTT   32  
1.5bppt-­‐‑nr-­‐‑23r63f   TTTTCGTCATAATAGATGATTCAGCTGACTAA   32  
1.5bppt-­‐‑nr-­‐‑21r63f   TTTCTAAACGTATTAGCGACCCATTACTTTCA   32  
1.5bppt-­‐‑nr-­‐‑19r63f   CTAACTATGCTAAGGCATGTAATATCTTCAAT   32  
1.5bppt-­‐‑nr-­‐‑17r63f   TATTATTTACAGCAGTTATACATTTTGCCTCG   32  
1.5bppt-­‐‑nr-­‐‑15r63f   CTTTCATCATTGGATTGTTTATTTTTTTCTAT   32  
1.5bppt-­‐‑nr-­‐‑13r63f   GTTTATTGGAATGATGTTGGCGAAAAGCCATT   32  
1.5bppt-­‐‑nr-­‐‑11r63f   CATAGCTCGTTATTCTCCTGGCTTATAACATT   32  
1.5bppt-­‐‑nr-­‐‑9r63f   CATTTGTTGCTTATGGAGTAATCTCTATAATC   32  
1.5bppt-­‐‑nr-­‐‑7r63f   CGCCAAAATTGTCATATTGTATCAAATGTTAC   32  
1.5bppt-­‐‑nr-­‐‑5r63f   CAAATGTTACGCTCTTTAATATCTGATTCAAA   32  
1.5bppt-­‐‑nr-­‐‑3r63f   AATTGTTTGTGATATTTTTAGGCTAAATATGT   32  
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1.5bppt-­‐‑nr-­‐‑1r63f   TGTGATAAGGCTGTATAGTCAACTGCGATAAA   32  
1.5bppt-­‐‑nr1r63f   ATATTTGATTAGAAATGAGGCTGATCGTTTCT   32  
1.5bppt-­‐‑nr3r63f   TTTTGATACTGTGGTTCATTACGTCAGGTT   30  
1.5bppt-­‐‑nr5r63f   CTATCTACAATTTAGTGAATTTATAAGAGGGT   32  
1.5bppt-­‐‑nr7r63f   AAATGAATAAGCAGATATTTCTGGACCTGT   30  
1.5bppt-­‐‑nr9r63f   TTTAAACTAATAAAACAATTGCATTTCTTTCT   32  
1.5bppt-­‐‑nr11r63f   CAATATAAGCCAACGACATCTACTGAAATT   30  
1.5bppt-­‐‑nr13r63f   TCAGGTTGTCTGGTTCATCGAATAACCTTCCG   32  
1.5bppt-­‐‑nr15r63f   CAAATGCAAGCAGAGAGCAAAGGAAGTTCT   30  
1.5bppt-­‐‑nr17r63f   CGAAAATAGCATCGAGTAAGTCGCTGTACTTT   32  
1.5bppt-­‐‑nr19r63f   TAAGTCTAATGAGTTGCAATTATCGCTTTT   30  
1.5bppt-­‐‑nr21r63f   TTGTTTTCGATTTTGGAACCTCTTATCTGACC   32  
1.5bppt-­‐‑nr23r63f   TTCCATTCTTCTCTTGACCGTAGATAAGAA   30  
1.5bppt-­‐‑nr25r63f   TTCCGCCCGTCTCAATATCCGGACAATAAGTG   32  
1.5bppt-­‐‑nr27r63f   TGGGCATATTTTACGAGTTAAAACACCAAGTAAA   34  
1.5bppt-­‐‑nr-­‐‑25r64e   GAAGGTAATTTTAAGACTGAACGCATGAACCGCCAA   36  
1.5bppt-­‐‑nr-­‐‑23r64e   TGATTTAATGTTTTGAGTCTGCCTATGACT   30  
1.5bppt-­‐‑nr-­‐‑21r64e   TCTTTTAGGTCGGTTTTTTTTCTTCGATTATT   32  
1.5bppt-­‐‑nr-­‐‑19r64e   GATTATATTTCCATGAAATACAATATTGTA   30  
1.5bppt-­‐‑nr-­‐‑17r64e   AGAGAGTTGAATCAATTCCAATTATTGTATGA   32  
1.5bppt-­‐‑nr-­‐‑15r64e   GTCACCCTATAATTGGCATTGTAGTAATCG   30  
1.5bppt-­‐‑nr-­‐‑13r64e   AAAGAGTCGAGTAGATGCTTGCTTTGATATTG   32  
1.5bppt-­‐‑nr-­‐‑11r64e   TAAATAATGATATCCAAATGAATGCTGAAC   30  
1.5bppt-­‐‑nr-­‐‑9r64e   GACAATTTATTTTGGCTCTGTCAGGTTGCTGG   32  
1.5bppt-­‐‑nr-­‐‑7r64e   TATTTTAAATATATTTATCTGCATCTGGAA   30  
1.5bppt-­‐‑nr-­‐‑5r64e   AGTTTTAGGTATTGATTAAATCAATGAGCATA   32  
1.5bppt-­‐‑nr-­‐‑3r64e   TGTCGAAATCATAAAAAATTAAAAACAAAA   30  
1.5bppt-­‐‑nr-­‐‑1r64e   GCAAGCTTCCGTCCTTTAAAAAAGTGAGTTCC   32  
1.5bppt-­‐‑nr1r64e   CTTCATATAAAGTTTTCATCACTATTTCCGAT   32  
1.5bppt-­‐‑nr3r64e   ACTTGAATGCTTCAAGCCAGAGTTTTCTTTTT   32  
1.5bppt-­‐‑nr5r64e   CATAAAACTCTCATACAACCAATATTTTTATC   32  
1.5bppt-­‐‑nr7r64e   CTCATTCGTCTAAGCGGAGATCGCGGAAAAAA   32  
1.5bppt-­‐‑nr9r64e   TGATAGTAATTGCTGGCAGCATTCAGATTAAC   32  
1.5bppt-­‐‑nr11r64e   GACTTTTCAAGTATTGTGTACCTTGTTATGTT   32  
1.5bppt-­‐‑nr13r64e   GATGAACCTTCTTTAGGAGGAGTACATACTAC   32  
1.5bppt-­‐‑nr15r64e   CGTAAAAACTAAACGAAACTGAAATTCATTTT   32  
1.5bppt-­‐‑nr17r64e   CATTGCGTTCCCTTTGGGATTCTTACCCCTCT   32  
1.5bppt-­‐‑nr19r64e   ACTGGGGATTATTTTCAGAGAAAATGCGAACT   32  
1.5bppt-­‐‑nr21r64e   ACATGCAGTGGGTTGGTGATTGCATCTGACAA   32  
1.5bppt-­‐‑nr23r64e   TTTATTGCAAAATTGTTGTTTTACAGCACTTT   32  
1.5bppt-­‐‑nr25r64e   CACCGAATGATAAAAGCATGAATGTCAAAAGG   32  
1.5bppt-­‐‑nr-­‐‑23r65f   CTTTTTTAGAGAGAATTTGTACCATGTCCCTA   32  
1.5bppt-­‐‑nr-­‐‑21r65f   TTTGTAATAGTTGCTACCGATTTTCATTACAA   32  
1.5bppt-­‐‑nr-­‐‑19r65f   GTAAGATGACTTCCGATAGTGCGGGTTGCCAA   32  
1.5bppt-­‐‑nr-­‐‑17r65f   CTATACATTATGCAGGAACGTGCTCAAGTTAC   32  
1.5bppt-­‐‑nr-­‐‑15r65f   CGTATTGCATAGGAGATATGGTAGTCCTCATA   32  
1.5bppt-­‐‑nr-­‐‑13r65f   AATGGATCGTTGTGGCTTGGCTCTATAAGCGT   32  
1.5bppt-­‐‑nr-­‐‑11r65f   ATTGTTATATTATTATCATTCATTTTCTAGAG   32  
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1.5bppt-­‐‑nr-­‐‑9r65f   TGGTTTTTTAAATTAGTTACACAGCAATTCGC   32  
1.5bppt-­‐‑nr-­‐‑7r65f   TGTTCTTGCTTTGCAATGATTCTTCACTGGCC   32  
1.5bppt-­‐‑nr-­‐‑5r65f   TTCAAGCGTTAACTGTCAATGTAAGGAAAACC   32  
1.5bppt-­‐‑nr-­‐‑3r65f   ATCAATGCTGATATATTTTAGAGGTTGCAGCA   32  
1.5bppt-­‐‑nr-­‐‑1r65f   TCTTTAAGTCTCCATTTTGATAGGTAATAGCG   32  
1.5bppt-­‐‑nr1r65f   AAAGCTTTTTTTATCTCGGAGATTTTTTTAGT   32  
1.5bppt-­‐‑nr3r65f   ACCAACTAATGTCATCGTAATATGTGTGGA   30  
1.5bppt-­‐‑nr5r65f   GTGTCCTGAAAATGGACATTTTTCACAGGAAA   32  
1.5bppt-­‐‑nr7r65f   CGAGCTTATCTATATTTTTTGTCGCTCGGA   30  
1.5bppt-­‐‑nr9r65f   GCAAAAAAATTCAGGATAATGTGCAAGCTGGG   32  
1.5bppt-­‐‑nr11r65f   ATTTCTAAGATGGAACTAAATTACGGTATC   30  
1.5bppt-­‐‑nr13r65f   AGCATTTAGACCTTTCTCTCCCATCAGCCCGG   32  
1.5bppt-­‐‑nr15r65f   CGCTGGAAGCTTGGTGTACCTCACTGAAAA   30  
1.5bppt-­‐‑nr17r65f   ACCTTCATAAAAAATGTCCTTGTCGATACATA   32  
1.5bppt-­‐‑nr19r65f   AAAACGGTACGAAATTTGCATATTCATTCA   30  
1.5bppt-­‐‑nr21r65f   ATTATAATCATAAAAACTGATAGCCTTCAATA   32  
1.5bppt-­‐‑nr23r65f   AGCTCTGATCTTCCTGCCTCCAGGTTGCGG   30  
1.5bppt-­‐‑nr25r65f   GTGGTATCATAGCTTGAAATGATGTTACGAAA   32  
1.5bppt-­‐‑nr27r65f   AACACCTCTTTTGCCTCCAAACGATACCTCAAGT   34  
1.5bppt-­‐‑nr-­‐‑25r66e   CGACCATCTTTTTTTCTTTTGTGCAAGTTTAAATAT   36  
1.5bppt-­‐‑nr-­‐‑23r66e   TTTGCATTACCAATGTTTAACACGTCTTTC   30  
1.5bppt-­‐‑nr-­‐‑21r66e   TGATTTCCAAACTCAATGTCATTTATTCGTAA   32  
1.5bppt-­‐‑nr-­‐‑19r66e   CTGGTGAAAATAAGAGTAGCCTCTGCCATA   30  
1.5bppt-­‐‑nr-­‐‑17r66e   ACACGTCGTTCTAAATCGCCTTGTGTATGCCA   32  
1.5bppt-­‐‑nr-­‐‑15r66e   GTTGCTCGAGAATTTTTAGCCCATCACATC   30  
1.5bppt-­‐‑nr-­‐‑13r66e   AAATTAGAATTTTTCCATTTTTCACATCAAAT   32  
1.5bppt-­‐‑nr-­‐‑11r66e   TAATATTACCAAATGTCATATCTTTAATTT   30  
1.5bppt-­‐‑nr-­‐‑9r66e   CCATATAGGTTTTTTTGAATAATATGCTAAAT   32  
1.5bppt-­‐‑nr-­‐‑7r66e   GTTTGATCGGTTTGGAGGAATTTCAGGAAT   30  
1.5bppt-­‐‑nr-­‐‑5r66e   TTAACTGCAAATAATTCAGGGTCATATCTACC   32  
1.5bppt-­‐‑nr-­‐‑3r66e   TAGATGCAGCATTTGAGCAAGTAACTCTTC   30  
1.5bppt-­‐‑nr-­‐‑1r66e   CATAAAACTCTTCTTTCCCATGGTATTTTCAT   32  
1.5bppt-­‐‑nr1r66e   GGGTTTGTTCTAATTTAACCTTTGTCTTAACT   32  
1.5bppt-­‐‑nr3r66e   AAACAAGCCTAAGGTTGTAGGCTCCATCGTCC   32  
1.5bppt-­‐‑nr5r66e   ATCACCACTCGTAGGTAAATAACTGATATTGT   32  
1.5bppt-­‐‑nr7r66e   GAAAATGAATATTCTATATTGTTGGTCCAGAG   32  
1.5bppt-­‐‑nr9r66e   CACCGAAAGTGGGGAAGTGAGTAATAATCTTG   32  
1.5bppt-­‐‑nr11r66e   CGCGGCACCATTTATCTGCATCATAAACTAAT   32  
1.5bppt-­‐‑nr13r66e   GAAAACTTTTAAGCATTTCGCTATTGGATGCA   32  
1.5bppt-­‐‑nr15r66e   GATGAATCGAGGTAGTTTTTTCATTTAATGTT   32  
1.5bppt-­‐‑nr17r66e   CTCACGAACTCTGTTCATTATCATTGCTACAC   32  
1.5bppt-­‐‑nr19r66e   TTCCGGAATCGACCTTCTAATCCTGCAGTACT   32  
1.5bppt-­‐‑nr21r66e   GCATTCAATTTTTAGAATGGTTTCGACTTTCC   32  
1.5bppt-­‐‑nr23r66e   TGTGTTTGATCAACGGACTGCGATGGATAATA   32  
1.5bppt-­‐‑nr25r66e   AATATTTACAGAATTTGTCACTTCTAAGTTCT   32  
1.5bppt-­‐‑nr-­‐‑23r67f   GGACTGCTAGCCGGCGAACGTGGCGCGCTAGG   32  
1.5bppt-­‐‑nr-­‐‑21r67f   ACGTCCTTGGGAGCCCCCGATTTAGCTGCGCG   32  
1.5bppt-­‐‑nr-­‐‑19r67f   TGACCTGCGGTGCCGTAAAGCACTATGCGCCG   32  
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1.5bppt-­‐‑nr-­‐‑17r67f   TACCGGATCCATCACCCTAATCAATTTTCGGG   32  
1.5bppt-­‐‑nr-­‐‑15r67f   TAAAAAGTCCGTCTATCAGGGCGAGTTTATTT   32  
1.5bppt-­‐‑nr-­‐‑13r67f   CGTAATTTAACGTGGACTCCAACGTCCGCTCA   32  
1.5bppt-­‐‑nr-­‐‑11r67f   CGGCCGCCTTCCAGTTTGGAACAATTCAATAA   32  
1.5bppt-­‐‑nr-­‐‑9r67f   CCTATAGTAAAGAATAGACCGAGATATTCAAC   32  
1.5bppt-­‐‑nr-­‐‑7r67f   GTCGTTTTAGGCCGAAATCGGCAATTTTTGCG   32  
1.5bppt-­‐‑nr-­‐‑5r67f   CTGGCGTTTTTTGTTAAATCAGCTTCACCCAG   32  
1.5bppt-­‐‑nr-­‐‑3r67f   CATCCCCCACGTTAATATTTTGTTCTGAAGAT   32  
1.5bppt-­‐‑nr-­‐‑1r67f   AAGAGGCCCCTGAATGGCGAATGGCATCGAAC   32  
1.5bppt-­‐‑nr1r67f   CTTTATGCTCATTAGGCACCCCAGCCCAACAG   32  
1.5bppt-­‐‑nr3r67f   ATTGTGAGAGCGCAACGCAATTACAACTCT   30  
1.5bppt-­‐‑nr5r67f   CAGCTATGCGACAGGTTTCCCGACCAGAGCGC   32  
1.5bppt-­‐‑nr7r67f   ATTAACCCCGCGTTGGCCGATTCTGTAGCC   30  
1.5bppt-­‐‑nr9r67f   TACCGGGCAGAGCGCCCAATACGCCTCTGTAG   32  
1.5bppt-­‐‑nr11r67f   GATAAGCTAGCGCAGCGAGTCAGTAATCCT   30  
1.5bppt-­‐‑nr13r67f   GGGATCCAAGCTGATACCGCTCGCCGATAAGT   32  
1.5bppt-­‐‑nr15r67f   AATCTTCCCTGTGGATAACCGTAGACGATA   30  
1.5bppt-­‐‑nr17r67f   ACTCTTTTTCACATGTTCTTTCCTGGGCTGAA   32  
1.5bppt-­‐‑nr19r67f   AATCTATATACGGTTCCTGGCCTGCTTGGA   30  
1.5bppt-­‐‑nr21r67f   AATTCTGACCTATGGAAAAACGCCATACCTAC   32  
1.5bppt-­‐‑nr23r67f   TTGAACTAGATTTTTGTGATGCTCGCTTCC   30  
1.5bppt-­‐‑nr25r67f   GAGTTTCTTGTCGGGTTTCGCCACTCCGGTAA   32  
1.5bppt-­‐‑nr27r67j   GCTTCCCTTTTTCAGGGGGAAACGCCTGCACGAGGGAGCTTCTT   44  
1.5bppt-­‐‑nr-­‐‑25r68e   AAGGGAAGTTTTTATGACTGTACGCCACCCTCCCAC   36  
1.5bppt-­‐‑nr-­‐‑23r68e   CGGGGAAATGTGCCGGAGCGGAACATATTT   30  
1.5bppt-­‐‑nr-­‐‑21r68e   ACCCTAAACTCGGTGCATGCCACTGTGTTGAA   32  
1.5bppt-­‐‑nr-­‐‑19r68e   GGGTCGACTAGGAATTGGTTAGGCGGCTGG   30  
1.5bppt-­‐‑nr-­‐‑17r68e   TACGTGAATTTGTAAAAACAGCCCAGCCGCAG   32  
1.5bppt-­‐‑nr-­‐‑15r68e   CGAAAAAATTCGTTCACTTCCGGCTAACAC   30  
1.5bppt-­‐‑nr-­‐‑13r68e   TATTAAAGTCTATCTTTCATCATAATGTATTA   32  
1.5bppt-­‐‑nr-­‐‑11r68e   AGTGTTGACCGCGGTGGAGCTCGAAATTTT   30  
1.5bppt-­‐‑nr-­‐‑9r68e   ATAAATCAGAGTCGTATTACAATTATCAGAAA   32  
1.5bppt-­‐‑nr-­‐‑7r68e   AACCAATACAACGTCGTGACTGTACAAGTT   30  
1.5bppt-­‐‑nr-­‐‑5r68e   CGTTAAATACCCAACTTAATCGCCTGATAAAA   32  
1.5bppt-­‐‑nr-­‐‑3r68e   ATTGTAATTTCGCCAGCTGGCGTTGCATGC   30  
1.5bppt-­‐‑nr-­‐‑1r68e   TTGCGCAGCGCACCGATCGCCCTTGCTTTACA   32  
1.5bppt-­‐‑nr1r68e   TAGCTCACTTCCGGCTCGTATGTTGTTCTAGC   32  
1.5bppt-­‐‑nr3r68e   GGGCAGTGCGGATAACAATTTCACACCTGATG   32  
1.5bppt-­‐‑nr5r68e   AGCTGGCAACCATGATTACGCCAATGTCCTAT   32  
1.5bppt-­‐‑nr7r68e   TCTCCCCGTCACTAAAGGGAACAAAATAGGAA   32  
1.5bppt-­‐‑nr9r68e   GAAGCGGACCCCCCTCGAGGTCGAATAGGCAT   32  
1.5bppt-­‐‑nr11r68e   AACGACCGTGATATCGAATTCCTGATTGCAGT   32  
1.5bppt-­‐‑nr13r68e   TTTGAGTGCTAGTTCTAGATCCCTTCTACTGC   32  
1.5bppt-­‐‑nr15r68e   CCCTGATTGAGTTTGCTAGGCACTGATATAGG   32  
1.5bppt-­‐‑nr17r68e   CCTTTTGCCCAATAATTGGGGAAGACCCATTG   32  
1.5bppt-­‐‑nr19r68e   GGCCTTTTATAGGTTTCAGATTTGACCCGGAG   32  
1.5bppt-­‐‑nr21r68e   GGGCGGAGCTGTAGCTGCTGAAACTTCGCCGG   32  
1.5bppt-­‐‑nr23r68e   TGAGCGTCTATTTCCTTATAACTTAAGAGCTC   32  
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1.5bppt-­‐‑nr25r68e   TATAGTCCTTGAGTAATCACTTCACTGTTAGC   32  
1.5bppt-­‐‑nr-­‐‑25r69e   TTAAAGCGAAAGGAGCGGGAGAAAGG   26  
1.5bppt-­‐‑nr-­‐‑23r69h   GCGCTGGCAAGTGTAGCGGTCACGAGCTTGA   31  
1.5bppt-­‐‑nr-­‐‑21r69h   TAACCACCACACCCGCCGCGCTTAAAATCGGA   32  
1.5bppt-­‐‑nr-­‐‑19r69h   CTACAGGGCGCGTCAGGTGGCACGTTTTTTG   31  
1.5bppt-­‐‑nr-­‐‑17r69h   GAAATGTGCGCGGAACCCCTATTTTGGCCCAC   32  
1.5bppt-­‐‑nr-­‐‑15r69h   TTCTAAATACATTCAAATATGTATCAAAGGG   31  
1.5bppt-­‐‑nr-­‐‑13r69h   TGAGACAATAACCCTGATAAATGCGAGTCCAC   32  
1.5bppt-­‐‑nr-­‐‑11r69h   TATTGAAAAAGGAAGAGTATGAGTAGGGTTG   31  
1.5bppt-­‐‑nr-­‐‑9r69h   ATTTCCGTGTCGCCCTTATTCCCTAATCCCTT   32  
1.5bppt-­‐‑nr-­‐‑7r69h   GCATTTTGCCTTCCTGTTTTTGCCATTTTTT   31  
1.5bppt-­‐‑nr-­‐‑5r69h   AAACGCTGGTGAAAGTAAAAGATGAAAATTCG   32  
1.5bppt-­‐‑nr-­‐‑3r69h   CAGTTGGGTGCACGAGTGGGTTACGCGGGAA   31  
1.5bppt-­‐‑nr-­‐‑1r69h   TGGATCTCAACAGCGGTAAGATCCAGCGGTGG   32  
1.5bppt-­‐‑nr1r69h   TTTGTTTGCCGGATCAAGAGCTACATGTGAGT   32  
1.5bppt-­‐‑nr3r69h   TTTTCCGAAGGTAACTGGCTTCAGTGGAAAGC   32  
1.5bppt-­‐‑nr5r69h   AGATACCAAATACTGTCCTTCTAGATTAATGC   32  
1.5bppt-­‐‑nr7r69h   GTAGTTAGGCCACCACTTCAAGAAAAACCGCC   32  
1.5bppt-­‐‑nr9r69h   CACCGCCTACATACCTCGCTCTGCTGAGCGAG   32  
1.5bppt-­‐‑nr11r69h   GTTACCAGTGGCTGCTGCCAGTGGCGCAGCCG   32  
1.5bppt-­‐‑nr13r69h   CGTGTCTTACCGGGTTGGACTCAATTACCGCC   32  
1.5bppt-­‐‑nr15r69h   GTTACCGGATAAGGCGCAGCGGTCGCGTTATC   32  
1.5bppt-­‐‑nr17r69h   CGGGGGGTTCGTGCACACAGCCCATTTGCTGG   32  
1.5bppt-­‐‑nr19r69h   GCGAACGACCTACACCGAACTGAGAGCAACGC   32  
1.5bppt-­‐‑nr21r69h   AGCGTGAGCATTGAGAAAGCGCCACGTCAGGG   32  
1.5bppt-­‐‑nr23r69h   CGAAGGGAGAAAGGCGGACAGGTACTCTGACT   32  
1.5bppt-­‐‑nr25r69h   GCGGCAGGGTCGGAACAGGAGAGCGGTATCTT   32  
  
Table B3. Staple sequences for 51k notched rectangle designed with an average of 1.33 
base pairs per turn. 
Name   Sequence   Length  
1.33bppt-­‐‑nr-­‐‑9r0   TTTGATGCGATGTTATCGGGAGGG   24  
1.33bppt-­‐‑nr-­‐‑25r24   TTATGACGTCATTGTAGCCAGAAA   24  
1.33bppt-­‐‑nr-­‐‑13r69   TTTTTGATAGGTTGCATCATAAAAC   25  
1.33bppt-­‐‑nr-­‐‑3r0   GTTCCTGGCGATGGGCAGCGACAAGTGGTG   30  
1.33bppt-­‐‑nr-­‐‑5r0   GAATGGTAGTGTGACCTTTCACTCTCCGAC   30  
1.33bppt-­‐‑nr-­‐‑7r0   AAACGCCGACAGCAAAAAGCGAACCCGCCG   30  
1.33bppt-­‐‑nr-­‐‑3r1   TGCTCGATGAGCGAAAACGCACATGTATGA   30  
1.33bppt-­‐‑nr-­‐‑5r1   GGCTGCGGGCCAGTGCGAACGAGATGAAGA   30  
1.33bppt-­‐‑nr-­‐‑7r1   GAGCACAATGCAGCCTCCCCCCCTGATTGC   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑19r10   AAGGTGTCTGCCAGCGATCCGATGAATCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r10   GTTGCTGAACAGGCACGCGTGCTTGCGCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r10   ACGATATCTGAATTTACGCCGGGATGGCAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r10   GGTCGTGTGGCTGACCCTGATGCCCGACCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r10   AGCTGGGCCGGATGATGGCGGACTGGTCAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r10   CCCTGTGTGCCGTTTATCTCACCGTAATCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r10   CCCTGCAGCATGACCGTGACGCCGGGACCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r10   AACCGGTCGACTGGCACCGCTTACTGTCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r10   GTTCCGGACAAAACGCTGGTCCTATGGCTG   30  
1.33bppt-­‐‑nr-­‐‑1r10   GCCAGCTTGCAGACGCCGCTGGGTTGCAGC   30  
1.33bppt-­‐‑nr-­‐‑5r10   ATACGAGTCTCAGTAAATAGTACGTCTGTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r10   GCTATGCTGGCGGCGATGCTGAGCAACGTC   30  
1.33bppt-­‐‑nr-­‐‑3r11   ACCAGTATCTGTGGACGCCGCCGATGCGCG   30  
1.33bppt-­‐‑nr-­‐‑5r11   CCGGGGGAACTTTGGCGGCTTCGCAAAGGC   30  
1.33bppt-­‐‑nr-­‐‑7r11   TCTCTCGATCGACCTTCGTGTGCTGGTCTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r12   ATTAAGGAGCGTGCTGCTGAACTCCTGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r12   GCGACAGTATGTCATCGGCCAGACATCACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r12   GCCCGGAGAGCTGAAGCTGCCGGGGAGACG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r12   TTCCTGATTCAAAGGCAAGATATCAGCACG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r12   CTATTTTGCGGTACAGGTGTTCACGACGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r12   AGGTTGATGTTGATATTGCTTAACGGTGGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r12   GGTTAGGACATAAGGTGTCTCTTCCATGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r12   TATCAGCATGCTGCAGCGTCACCATCCTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r12   AATCAAGACAACCGAAGAATGCAAGTGCGG   30  
1.33bppt-­‐‑nr-­‐‑1r12   GCATCGTTGCGCACCAGCATCCGGCTGGAC   30  
1.33bppt-­‐‑nr-­‐‑5r12   CTGAGCCTCTGCGGTTAGTTAGGTGATGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r12   TTCCATTATGCCAAGAGAGTTATTGCTTTT   30  
1.33bppt-­‐‑nr-­‐‑3r13   GAAACCGAGGTGCTGAAAGCGAAATCATTT   30  
1.33bppt-­‐‑nr-­‐‑5r13   GTCTGGCAACACTGCCCTTTCAGCTGTCGC   30  
1.33bppt-­‐‑nr-­‐‑7r13   TGCTGGGGTCATCCGGTGAAGAAAGGCTCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r14   GGACGGCATGGGTGGATGGCAGCCCGTATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r14   GAGCGCCTTGCCGAGGATGACTCTGGGGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r14   TGACAGCATTACGCCCAGATGACAGCTGCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r14   AGTAGCGCGTGAAGCCACCACCCGGTCAGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r14   AGGTTGTTACAACGGCATTATCGAGAAGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r14   CGTTCTACTCAACTGTGAGGAGGTCCGTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r14   CGGTGTGGAGGTTATCCGTTCCTTCTTGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r14   GCACTTCACCATGATTCAGTCAAACGCCAG   30  
  277  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r14   CCGCAGGTGAGGAAAATTTCTGATACTGAT   30  
1.33bppt-­‐‑nr-­‐‑1r14   TTACGCGCTGTTTTTGATGAGGCTTTCGCG   30  
1.33bppt-­‐‑nr-­‐‑5r14   GAAACGGGAAGATCGCAGCACGGGTGACCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r14   TCTGGATTGCTTGCCGGGATGTGCCCTGAT   30  
1.33bppt-­‐‑nr-­‐‑3r15   GGCGAACTATCAGGGCAACTCAGATTTGAG   30  
1.33bppt-­‐‑nr-­‐‑5r15   GGCGCATACCGAAGAGGCGCAGTTGCAGGC   30  
1.33bppt-­‐‑nr-­‐‑7r15   TTATCGTCGTGGAAAGATTTGTGCCAGCGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r16   GGGCAGCACGCAGACCTTTGATTCCCTGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r16   ACCTGTATTCTGGAAGAGCACGGGTACACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r16   CCGCATCGAGCGGTTGTAAGTTGGTTTCTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r16   TGGCGCATTACGGGGATTTACAGCTGTGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r16   CCTCGGTGCCGATTGAAGGTCCCGGTGGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r16   TTGCCCGTGGTGCGGCGGATGTGTATCTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r16   CGCAACTTCCTGACGGTGTTGCGCAGGCCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r16   CCAGCGGGAGCGATGATGCGGACCGCTTCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r16   TCGTTGTTGCGGTGATTTATGACACCATTA   30  
1.33bppt-­‐‑nr-­‐‑1r16   GACCATCGTATACAGATTAATCCATTGCCG   30  
1.33bppt-­‐‑nr-­‐‑5r16   TCTGCGGGTTACCCTGATGTTGTATCGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r16   AGCGGCGAGTGCCGGTGCGGCGCACGCCGG   30  
1.33bppt-­‐‑nr-­‐‑3r17   GTATTGTCTACCACCATGACTAGCGGCAGA   30  
1.33bppt-­‐‑nr-­‐‑5r17   GTAAAACCCGGTGCACATGCGCGTCGTGCT   30  
1.33bppt-­‐‑nr-­‐‑7r17   CATAGGCTATGCCGCAGAAACGCCATCGGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r18   AAATGTCCACATCGTCACCCATAATGAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r18   GGATCGCTAAAATACCCTCTGAGTTGTTGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r18   AAAGGCTGGCGCTGTACGTTTCCACGCTGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r18   CATTTGTGGTGACCACCGGCGATCGATCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r18   TCCCTGAAGCTGCGGCGTGGAGACCTGTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r18   TCGCGTCACCGGGGCGACGTTTAGCGTTCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r18   AGCAACCAGTCACCAATGTGGGTTGACTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r18   GCCAGAGCGTGAGATGGGGCGAAGTCAGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r18   GACCAGAGGTGGCGACCGGTGCAGCAGATG   30  
1.33bppt-­‐‑nr-­‐‑1r18   CGCCAGCGAGCGATACCGAAGCGGTTTGAT   30  
1.33bppt-­‐‑nr-­‐‑5r18   TCCGGGAGGACAGTATGTCGCAAGTACAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r18   AGATATGCCCCGTGAGGAGGCCCGCAGGCG   30  
1.33bppt-­‐‑nr-­‐‑3r19   GTGTGACATATCACGAAGGATAATGGCGGA   30  
1.33bppt-­‐‑nr-­‐‑5r19   TCCCCGTTGGCGTCACCGGGCATGAGCACG   30  
1.33bppt-­‐‑nr-­‐‑7r19   CCCGTTTTGCTGAGTGTGATCGGCCAGAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r2   GGATGCCCCCATCCGCGCTACGCCGCCGCG   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑17r2   AGTCCGGCCGACGGCGTGAAGGACGAAGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r2   GACACCGAATCGGCATTCGTGGAGGCTGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r2   ATCTGAACGATGTGTTATCTGATTTTCCCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r2   GGGACGCATGCGGCATACCTCATGTGAGTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r2   AAACGTGCGCAGAGTCCTCAAACACAACCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r2   CGCACACGCCGCAGCGCTCGGGATTCGGCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r2   CGCGTTAAGTCACTCATTGTCCAATTAAGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r2   TGCATAACTGTCCCTGTTATGGTCCGGCGA   30  
1.33bppt-­‐‑nr-­‐‑1r2   TTTTTGACAAATAAAGAGTCGACTGTCAGC   30  
1.33bppt-­‐‑nr-­‐‑5r2   CAAAAGTAAGAATCCGCATACCATTCTCGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r2   TTGTGTATCTGGACCCGTGATGCTCCACGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r20   GGTTATCAGCAGCTGACTGCTGCCCGACCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r20   ACCATTGTCCCGCGAGGTTGAAAATATGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r20   TGCCAGCCTGGGTGTCTCGTATATGCCGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r20   TTCCCGAGTTGCACATCAAAGCACCGCGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r20   CAGCGGTGGCGCTGCAGCCGTACCGCATAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r20   GGATGTGTGCGGCAGAAAACAGGCAGTGTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r20   CCGTCAAATCTCTCACAAATTCCGTTATGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r20   CTCTGCCTTAACGCCTCTGCCCCTTCAAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r20   TGGGTAATCCCTGTTTGTCCGGTTTCGTGT   30  
1.33bppt-­‐‑nr-­‐‑1r20   CCGGCGAAGCCGTACTGGATGCGCTTGTGG   30  
1.33bppt-­‐‑nr-­‐‑5r20   TCAGAACCGGCGAAGGAAGTGACCTGACGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r20   AAAGTGACGGTGAGCTGAGTTTAGACGCCA   30  
1.33bppt-­‐‑nr-­‐‑3r21   GCACGCTCCCTGCCGATGGTGGTGGTACGG   30  
1.33bppt-­‐‑nr-­‐‑5r21   CGTATCAAGACTCAACAGGACAGAACATGG   30  
1.33bppt-­‐‑nr-­‐‑7r21   GTTTTGTGACACGGAAGAAACCTGGTGTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r22   TGATTAACCGGCTGGAGTGAGTCAAGGTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r22   GTCCGGCCCTGAAAACGTACAGCCATGTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r22   TGCTTATGTCGCGGATGAATATGAACGGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r22   CAGAACACGACAAATGGCAGCGTTCCGGGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r22   CCGGACAGAAGCGAAGGACAACACGGTAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r22   GCACACCAACATGGCCTGGTGTGGATGACG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r22   GGCGATCAATCCGGTCAGCGTGGGGGGCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r22   GCGGATATTTTATATCCGCAGTGGCAGCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r22   TGAGCTGAAGCGTACTGTCAGCCTAAAAAT   30  
1.33bppt-­‐‑nr-­‐‑1r22   CGGAGGAAGAGACGACCACTGCTACCGTTA   30  
1.33bppt-­‐‑nr-­‐‑5r22   TTGCCCCAAAAATATGCTTAATCTCCTTGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r22   CGCTTGAAGGCCACTGAAGCGGTGCCATGA   30  
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1.33bppt-­‐‑nr-­‐‑3r23   GGATTTGACCTGACGCACTGAAAGCTGTCG   30  
1.33bppt-­‐‑nr-­‐‑5r23   CCGGAAATTTATCGAAAACGGATCCGGTAC   30  
1.33bppt-­‐‑nr-­‐‑7r23   TGATCTTACATCAACTGCACCTGTCCGTTA   30  
1.33bppt-­‐‑nr-­‐‑9r23   GTTTGGAAATTTTAAATAAGTTTATCTGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r22   CGGGCTCTTCTTCTTCGTCATAACATGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r23   TGCAGCCGAATGGGCGGATGCTGGCGTTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r23   GTTCCGGGATGCCCGTTATATCATTGAGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r23   GGCAGTTAACCCGGATATTTTTCATGGGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r23   CGATGGAGGGCATCGGGGAGGAATTTGGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r23   CTTGAACGCAGTCACTGCTGCGGCAGTCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r23   TATGTGTTGCGTGATGATGTTGTCATCGTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r23   GCTGATGCGGTGTCCGGCACGCCGCTGATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r23   GAGACGACGGACGTGAACGCGCCCGGACTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r23   CTCTAATGAGAGCTATCCCTTCCCAGCGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r23   CGCGGCCATTCAGGATGCGGACCGTCGTGG   30  
1.33bppt-­‐‑nr-­‐‑9r23   TCAGCAAACAGGGCGTGCGCGTTGACAGAG   30  
1.33bppt-­‐‑nr-­‐‑11r24   CAGCTATATAAAGCGATGAAACGCGTTTAT   30  
1.33bppt-­‐‑nr-­‐‑13r24   CCTGTGGGGCTGGGTCAGCAGTTATGACGA   30  
1.33bppt-­‐‑nr-­‐‑15r24   TGAACAGGCAGAGCCTGTTTCTGCGATGTC   30  
1.33bppt-­‐‑nr-­‐‑17r24   GCGGGCACCCATGTTCAGGGGGGCAGTCGT   30  
1.33bppt-­‐‑nr-­‐‑19r24   GCAGGCGCTTGAAGCCGCCCGAAGGACTGC   30  
1.33bppt-­‐‑nr-­‐‑21r24   AATGTTTACGTATTGCATTATGCAGAATCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r24   AGGTCCGCTTCGCGGGAACTGGCTGGCGCA   30  
1.33bppt-­‐‑nr-­‐‑23r24   ATGCGGTCTCAGCGAGCGCCTGGGGCAGAT   30  
1.33bppt-­‐‑nr-­‐‑3r25   GACTTTCCGGTGACGAGTGCGGTTTTCTGG   30  
1.33bppt-­‐‑nr-­‐‑5r25   TGGTTGCCTGAACAACTGAGCAAGATGCCG   30  
1.33bppt-­‐‑nr-­‐‑7r25   AAACGCTTAAAGGAAGCAGTAAGGATAACA   30  
1.33bppt-­‐‑nr-­‐‑9r25   CAGAACTGGACGGAACGTTTAAGCAGAACA   30  
1.33bppt-­‐‑nr-­‐‑11r25   CCGCACCCGCGCTGATAAGCCTGATTAAAA   30  
1.33bppt-­‐‑nr-­‐‑13r25   CCGGGACTATCAATATCAAACCCCGGATTG   30  
1.33bppt-­‐‑nr-­‐‑15r25   TCCCTGGAGTGGTGCTTCCGCTTGCGAACT   30  
1.33bppt-­‐‑nr-­‐‑17r25   TCGTCTTGTAAGACGGAAATCATGATGGCT   30  
1.33bppt-­‐‑nr-­‐‑19r25   TGTCTGATGATGATCCCTCCGTATATTAGG   30  
1.33bppt-­‐‑nr-­‐‑21r25   GATAGTGGCGTCCTCCGGCGCAGTGCTGCG   30  
1.33bppt-­‐‑nr-­‐‑23r25   GATTACGTGGCCGCGATTGCAGAGAAAGGG   30  
1.33bppt-­‐‑nr-­‐‑25r25   GGGAATATTAAAGGAACCAGCACGTCGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r22   TTGGATGGAAGTATCGGGTGTTGCCGGGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r23   ATAATTCAAATGACAATTTGCTTAAATCAA   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑15r23   CCGGAACTATGAAAATTTTCCGATTTGTAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r23   AACACGCTATGAAAACCCACGTTGAAATTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r24   GACTCCCTCCGGATGCTGAAGTACCGGGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r24   TGACAGGAGATTACGCCCGTGCCCGGTATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r24   GGACGGGCGAACAATACCGGCGTGACCTGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r24   GCTGATACCCGCAGTGCCTGGGGTCAGCGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r24   CTGGGTTATTATTGTGAGCAATGTCAGGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r24   ATTACGGCAGTTGCTTGCCAGTGCGGTGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r24   CGCAGGGGCATCTGATGCCGTTTCACAGTA   30  
1.33bppt-­‐‑nr-­‐‑23r24   GGCAGTTATTGCTCAGGTCGAATGAGCACT   30  
1.33bppt-­‐‑nr-­‐‑3r24   CGTGTGGGGACGAAAGAAGAACCTGGAATC   30  
1.33bppt-­‐‑nr-­‐‑5r24   TGCTTCAGCCGCAATGGCCATTTATTCACG   30  
1.33bppt-­‐‑nr-­‐‑7r24   ATCACCAATATCCCGGCACTGTCCCGTCGG   30  
1.33bppt-­‐‑nr-­‐‑9r24   CAAGGTCACCGTGAACGGCGTTCATCTCAG   30  
1.33bppt-­‐‑nr-­‐‑11r25   ATGCAGAAAGAGCCTGAAGATGATGGAAGC   30  
1.33bppt-­‐‑nr-­‐‑13r25   GGCGCGTATTGCGTCCATCAGCCCGCTATC   30  
1.33bppt-­‐‑nr-­‐‑15r25   GGAAGACAAGGTGTCTGCGGGCTCCTTGGC   30  
1.33bppt-­‐‑nr-­‐‑17r25   TGTGAATATAAGATGCGTGTTTAATGTTTG   30  
1.33bppt-­‐‑nr-­‐‑19r24   GGCCGCTGCGTCAGGCGGTACATATATGAA   30  
1.33bppt-­‐‑nr-­‐‑21r25   TGGTGCTCCGTGCGGAGCAGTCCCCTTAAT   30  
1.33bppt-­‐‑nr-­‐‑23r25   GGCTATTGTGAATATCTCCGGTTTAGTTAC   30  
1.33bppt-­‐‑nr-­‐‑25r25   ATATTGTTCTGCCTGATGGCGCAAATGCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r25   CCATTACATATGACACGCCGATAATCCGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r25   AGGACCGCGGGCAGACGCTGACGCAGGCCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r25   CAGCGGTCACGGTGAATGGTGTGTTAATAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r25   TCGCGGGGACCAAAGACGGCAACGCGAAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r25   GTTACAGGGGCATCAGCGTGGTTCTTCCAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r25   CGGCACAAAGATTTCAGGAGTCTATTCCGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r25   GGGAAGACACTGTCAGGAAAGTTAACACGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r25   TTCTGCCTCCTCGGCAACGGCGCCACGGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r26   TCGGCCTAATACCTTGGGGCCGTAGTTAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r26   CCATAAACAGAATGAGTGAACAATATCCGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r26   ATATTTCGTCATGTTTTGAGTCGAGCTCTG   30  
1.33bppt-­‐‑nr-­‐‑23r26   TGTTTAATCTGACTAACTTTTTTCGATTTT   30  
1.33bppt-­‐‑nr-­‐‑3r26   AGAACGACTGCGAGGCGGTGGCTGTTCGGA   30  
1.33bppt-­‐‑nr-­‐‑5r26   TTTCATGACTGTTCAGGCCGGATGATTTCC   30  
1.33bppt-­‐‑nr-­‐‑7r26   GTCTACGCGTCATCCGCCAGCATTATGCGT   30  
1.33bppt-­‐‑nr-­‐‑9r26   AAGTGTGACCGCTTCCCGGTGCGGGCATCC   30  
  281  
1.33bppt-­‐‑nr-­‐‑11r27   GGAGCAGGGCTCAGTCATCGCCCCGAGTGA   30  
1.33bppt-­‐‑nr-­‐‑13r27   GTGCGCTAGGATACGGATAACGAACAGTCA   30  
1.33bppt-­‐‑nr-­‐‑15r27   ATGAGTTTTAGCTGATGCTAAATTACCGTG   30  
1.33bppt-­‐‑nr-­‐‑17r27   TCACCGTTATCAGGTCATGAACTTTCTTTT   30  
1.33bppt-­‐‑nr-­‐‑19r27   CGGCAATACGGAGGGCGAGAACCGATGCGA   30  
1.33bppt-­‐‑nr-­‐‑21r27   GACCTGGTGATCCGCTGTTTCTTGCCGGAA   30  
1.33bppt-­‐‑nr-­‐‑23r27   ACAAAGTTAAAACGATGCACACCCTAAACA   30  
1.33bppt-­‐‑nr-­‐‑25r27   CAGATCAGGAGCGACAAAATGAGTTGCGTA   30  
1.33bppt-­‐‑nr-­‐‑3r3   TGAAACGCGGGGCGGCGACCTCAGTTGATG   30  
1.33bppt-­‐‑nr-­‐‑5r3   TGTATGGTGCTGGCGGCAAATGTACCCTTC   30  
1.33bppt-­‐‑nr-­‐‑7r3   GCTGCCATGCCGGACAACACGATAAGGGGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r26   CCATTGAGAGCAGTCAGGTGCGTGTTCGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r26   GAGATACTACGGCGTGAACGTCCCGTTACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r26   TTGAGCAATGAAGGCGATACCCATCTGCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r26   ATAAAGCTGTCTGGTATGTATGTAAACAGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r26   AGATGCTGTCCGTGGCTGATCCCGGGCAGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r26   GGGGGCTATTTTGTTAACGATGCGCGCAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r27   AGACACAATCCGCTGGCGCTGAGAAAAGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r27   TGGCGCAACCCGGTATGGATGTTGAAATTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r27   GGCGACGACGGATGGCGCTGTTTCAGCCGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r27   GTTTCTCTTCATCAGTGCCGAAAATCTGGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r27   CTGGTCGAAAATGTTTTATGTGCACGCGTG   30  
1.33bppt-­‐‑nr-­‐‑23r27   CCGGGCGGGGCGTATTCTGCAGACACGGCA   30  
1.33bppt-­‐‑nr-­‐‑3r27   CCGCATCGTGAACAGCCAGACCGCCATGTA   30  
1.33bppt-­‐‑nr-­‐‑5r27   GAAAAAAATCAGACAGGTTGAACCGCCACG   30  
1.33bppt-­‐‑nr-­‐‑7r27   CTATGAGGACTGGCCGTCAGGTTGAGGGCG   30  
1.33bppt-­‐‑nr-­‐‑9r27   CAGACGCCAGTGCGTACGCCATACGTTTCA   30  
1.33bppt-­‐‑nr-­‐‑11r27   CGGTTAACAACTGACTCAGCACGAGTACGG   30  
1.33bppt-­‐‑nr-­‐‑13r27   GGCTCATAACAGCACCAACCGCGCCAAAGG   30  
1.33bppt-­‐‑nr-­‐‑15r24   CGGATCCGATGAACAGTTCTGGAACACGGG   30  
1.33bppt-­‐‑nr-­‐‑17r25   GTCGTTTCAGGATGCTGCAGATAACTGTTC   30  
1.33bppt-­‐‑nr-­‐‑19r25   CTTCTTTACCAGTTTTAGACGCTTAAAAAA   30  
1.33bppt-­‐‑nr-­‐‑21r25   GGCGTGGGGTTGCCGACGGATGGTTGAAGA   30  
1.33bppt-­‐‑nr-­‐‑23r26   TATGGGGGTGAGACGTGGGAGGCACTAATG   30  
1.33bppt-­‐‑nr-­‐‑25r26   AGACGGAATGGTGCAGCAACCAAATGCGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r27   TGGACATCGGATGGTCAGCCCGGTACAGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r27   AAAGAGTCCTTCAAAAGCGCGCCGCAGAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r27   CCGCCACGAGTTGCCCATATCGGGAGCGTG   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑13r27   GGAAATCGCTTGCCAACGACATCCTACGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r27   AACCGCGGGCACCGGCACCGCTCAGGGTGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r27   ACCATGACATGCAGAACATGCGTTACCAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r27   ACACGGAGAACAACTGAACCGTGCAAATAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r27   CAGGTTGCCGTATCAGCAAAACGCTTGATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r27   ACCGGCGATGGAGTCCCGGATTCGGCGTCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r28   GGTGAGTAGCCACCGTGTCGGTCTATGACT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r28   TCCGCTTTTCAGTCTGCTGAACCCGGTAAT   30  
1.33bppt-­‐‑nr-­‐‑23r28   GTGGACAGGTTAAGGCGGGGGTCGGAGGTG   30  
1.33bppt-­‐‑nr-­‐‑3r28   CTTCAGGGACGCTGAAAAAGCCGCGTGGAG   30  
1.33bppt-­‐‑nr-­‐‑5r28   ATAATGTTCTTGATTTCAACCTTTTCTGCG   30  
1.33bppt-­‐‑nr-­‐‑7r28   GGAGGATCATTGGCGGGGCTGTTGCTGACG   30  
1.33bppt-­‐‑nr-­‐‑9r28   CGGTGGAATATCCGGCAGGAAATTGCAACC   30  
1.33bppt-­‐‑nr-­‐‑11r28   TGCAGGCCACGCCGGAGGGGGAACAGAGGT   30  
1.33bppt-­‐‑nr-­‐‑13r29   AGGTGGCCGTCCGGGTTAACGGAGACTGGC   30  
1.33bppt-­‐‑nr-­‐‑15r29   CTTTACCGCTCCGAGACGGTGCGCCAAGTC   30  
1.33bppt-­‐‑nr-­‐‑17r29   TAACCGCGCTCGGCGATGCGCTCGTCTGCG   30  
1.33bppt-­‐‑nr-­‐‑19r29   TGCAGACACGGGGCGCACTTTGTGGACCTA   30  
1.33bppt-­‐‑nr-­‐‑21r29   GGAGGAAGGAATGCCATGTGGGGAAGTCAC   30  
1.33bppt-­‐‑nr-­‐‑23r29   TATTATATGCAGGTTATGGTGAGAGGACAC   30  
1.33bppt-­‐‑nr-­‐‑25r29   ATTCAGCTGGGCTTTTTTGTGGGGGCGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r29   CTTTTAATAGTCTGTGACAGAGTAGTAAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r5   AATGCCAGAACGCATCATCAAGACTGCACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r5   GGCCATCCTGGCAAAAAATTCCCCGAGACG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r5   TAATGAAAACTATATTGTGAGGGATCCCGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r28   TTCTCTATTAAGACTGAACGCAGCCGGAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r28   AATGTCATTAAATATGAAGGTATCTTCGTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r28   ACTGCGGTCAGAACTGGCAGGACTTCATCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r28   GGCAAAAATAGAGCATAAGCAGATCTCCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r28   GCTGATTAAACGTAAAACCTTCGGTAAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r28   TCCGTGTAGTGCGCTGCTGGCGGAAAGCTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r29   GGCGCGCCAGTTCGTCGCGGCTCGGCCACT   30  
1.33bppt-­‐‑nr-­‐‑23r29   AGGAAATAGAGGCCATCGTTCGACCCGGCG   30  
1.33bppt-­‐‑nr-­‐‑3r29   TCTTCTGCCCAGAAGTATATTAGGTGATAT   30  
1.33bppt-­‐‑nr-­‐‑5r29   AAGGTGGCCCGTGTGCGTGACACGACTATC   30  
1.33bppt-­‐‑nr-­‐‑7r29   CCTGCAAGTGACACTGCGCTGGGCAGCCAT   30  
1.33bppt-­‐‑nr-­‐‑9r29   AGGTGGACGGACCCGGCTTACCCATACCGC   30  
1.33bppt-­‐‑nr-­‐‑11r29   TCTCAGCTGAACTGATTGCCCGTCCGGTTG   30  
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1.33bppt-­‐‑nr-­‐‑13r29   AACTGGTAAGGTCTTGAGCAGGGACACCCC   30  
1.33bppt-­‐‑nr-­‐‑15r29   TTCAGCCTCAGGTGCCGGATTCACGCCGGA   30  
1.33bppt-­‐‑nr-­‐‑17r29   TCACCGCGCTTTCGTGCGGTGTTTGTGGAG   30  
1.33bppt-­‐‑nr-­‐‑19r29   CCCCGCTTTTCAGCGATCCGGAAATTACCG   30  
1.33bppt-­‐‑nr-­‐‑21r29   TGACCACTTAACCAGACCAGCGGAAGTTAT   30  
1.33bppt-­‐‑nr-­‐‑23r26   ATGCCGGTGATGGCGGCGGCGACGGGAAGC   30  
1.33bppt-­‐‑nr-­‐‑25r27   GAATAAAGATTTTCCCTGTATTGACAGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r27   AGCCAGCTGGTGGGGATTGTCGGGAGAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r27   CAGAACGAGAGTTTGAACAGGTCAAATATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r28   GCTGGTCCGCCAGCGGAGTCGTGTAATGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r28   GCCGCCACAGGTACGGATTGCCATTGTGGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r29   ACCACCTCAGACTCCGCCGGAGTGGGGGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r29   GGCGCGCCGTAAGGCGTGGGATTGGTGGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r29   CGATGGGCATGTGCCGGAAAAACGGATGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r29   GCCGCCATCGAAAGAGTGGAAGTGCTGGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r29   TAATGTGGATATTCCGCCGTATTTCTGGTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r29   CGGTGGTACACAGTGTTATGACACGATGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r29   ACGTTAGATCACCATAACTGCTTTAGTTCA   30  
1.33bppt-­‐‑nr-­‐‑23r29   GGAGCGCCCTCAAAAGAGGCAGCAGCACCA   30  
1.33bppt-­‐‑nr-­‐‑3r29   CCTGATGGACTGAACTGACTCAAGCGGAAC   30  
1.33bppt-­‐‑nr-­‐‑5r30   ATTCCGCCGCGGAAAACACCGTGGCTACGT   30  
1.33bppt-­‐‑nr-­‐‑7r30   TGATTATTTCATAGTGTTTACAACGCATAT   30  
1.33bppt-­‐‑nr-­‐‑9r30   AGAGTAGCGTCTTTCTGATTTATACATTTT   30  
1.33bppt-­‐‑nr-­‐‑11r30   CCAGGAACTGACATTTTCGGTGCTTTTCTG   30  
1.33bppt-­‐‑nr-­‐‑13r30   GTGGCGGCAAAATGCTGCTGGGCCATCGAC   30  
1.33bppt-­‐‑nr-­‐‑15r30   CACGACGAGACTGGATGAAAACCGGTGGAT   30  
1.33bppt-­‐‑nr-­‐‑17r30   AGCTGGACATCAGTATTTCCCGTGGGCCGC   30  
1.33bppt-­‐‑nr-­‐‑19r30   CGTGGAGGTGAACTGTTCGTTCTATTGCAG   30  
1.33bppt-­‐‑nr-­‐‑21r31   GATGGAGAGGCGAGCCAGATGTTTTGAACC   30  
1.33bppt-­‐‑nr-­‐‑23r31   ATGGGTGCTGATCACTATGCAAGCAATATC   30  
1.33bppt-­‐‑nr-­‐‑25r31   CGGATGAGCGGGGGCATTTGACCGTGAAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r31   CCAGCCGGCCGCAGCACCACAGCCATCTTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r31   CATCACGCGCCTGCCGGATGAACGAAAGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r31   GAAAATGGTTTCTCTGTGGAGGGAGAATAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r31   GGCCACGTCGCCGCTGAAAGGGCCGGACAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r31   GAAATGTCGGAGCTGCATATCGCTGAAAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r7   GTTCCTGGCCTTCCAGCCGGAGTTACCTAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r7   GAGGATGCCGGGCTGACGTACATCAGCGAT   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑5r7   GATGGCTTCCAGAGCCGGGCAGACATGACG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r30   GCGCCGGGGGAAAATCCTGCAGCTGACGGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r30   GCACTTGGTAACCCATCGGAAAAAGAAATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r30   TGTCTTCATGATGACAGAAATTAGCCAGCA   30  
1.33bppt-­‐‑nr-­‐‑23r30   AGGGGCGGGGTCAGTATGCTGCGGTGAGTT   30  
1.33bppt-­‐‑nr-­‐‑3r30   TGGCTGATCAGCGATTCTGGCGCACCTGGC   30  
1.33bppt-­‐‑nr-­‐‑5r30   GAGCCACGTTTCGTCAGAAACTGTCTGCCC   30  
1.33bppt-­‐‑nr-­‐‑7r31   AAGTCCGCACGGTGGTGTTCCGTACCGCCG   30  
1.33bppt-­‐‑nr-­‐‑9r31   TGAAGGACATCACCTGTAATGCTCCGTCGG   30  
1.33bppt-­‐‑nr-­‐‑11r31   TGAGTTTCGACGGCACGTATGCCAGCGCCC   30  
1.33bppt-­‐‑nr-­‐‑13r31   CAAACGGGGAGGATAACGCCAGGAAGGGCG   30  
1.33bppt-­‐‑nr-­‐‑15r31   GCACTTGGTTCACGCTTACGTCTGACCCGG   30  
1.33bppt-­‐‑nr-­‐‑17r31   TCCGGATGGGTCGGTTATAAATTCTTTGCC   30  
1.33bppt-­‐‑nr-­‐‑19r31   CCAGGCTATATGAAGGATTATTATCTTTTC   30  
1.33bppt-­‐‑nr-­‐‑21r31   AGCGGCGGAGGCCGCCACTTCATCAGAGAA   30  
1.33bppt-­‐‑nr-­‐‑23r31   GCCTACCCGTATTTTGCGGAAAGCAAAAAC   30  
1.33bppt-­‐‑nr-­‐‑25r31   GTACCGAGACACACCATCACCGACAAATCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r4   GAAGTCTGGAGAATAATGGAAGTGCAAACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r4   AATCGCCTTCGTAATCTTTTAGAATTACCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r4   TTACGCGTGAACAATGGAAGTCTCAATGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r4   ATGATGAATGTGGTGAAGTCTGCAGGAACT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r4   ATGAGGCGCCCGTTCACCACCTTGCTTTTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r4   ACGCAGGACTGCTTCGTTTATGGCGTGTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r4   GTGTTTTCGGGAAGGTGTGGCCACACAGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r4   CCCGCCTATGGGGCGGCGAAAAGTGCAAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r4   GCCGGTTTGAACGGGATTATTTTTATGGTC   30  
1.33bppt-­‐‑nr-­‐‑1r4   GATGGACGCTCGATATGGACACTTAAACCG   30  
1.33bppt-­‐‑nr-­‐‑5r4   CACCGACTATGACCGTGAAAACCAGTCCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r4   AAGCGTGGCATGAAGTGAATCCGGACACCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r31   CCGTGATACTGGCGTAATCATGAGTGGAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r31   AAAGTTATTGGACGGGGCGTACGCCGGATA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r31   CCTACAAGGCGAAGAGCTGGACCCAGAATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r31   GGTGTGAGGTGAAAGGGCAGAGTACCAAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r31   AAGGGATTTTCATGATGTTCTGAACATAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r31   GAGCAGAGGGACTGACGGCAGAAGTATCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r31   TTCGCGGTCAGGAAGAACTGAATGTCGGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r28   AACCTGAATAGTAATATCTTTTCTACTGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r29   GGCGTGGCTGGCGCAGCTTCACAGAGTCAG   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑1r29   GGGGAGCATAAAGGTGACCTGCGCCGGATT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r29   TGCAGAGTTTCGCAGTAAATCCCCCATTCA   30  
1.33bppt-­‐‑nr-­‐‑23r30   TGGGGCCCCATCCGGGCACTGGGCTGCAGG   30  
1.33bppt-­‐‑nr-­‐‑3r30   CGGTGGCACACTGAGGGGAATAGCAGCCAT   30  
1.33bppt-­‐‑nr-­‐‑5r31   CTGGATTTGCCGGACGGCTTTGCAACGTAA   30  
1.33bppt-­‐‑nr-­‐‑7r31   GGACGACTGTTCCGCTGCGTGAGAGGTGAA   30  
1.33bppt-­‐‑nr-­‐‑9r31   GCAGGGCGCAAGGAGCTGCTGGGTAACAGC   30  
1.33bppt-­‐‑nr-­‐‑11r31   CGGAAGGTGCCAGCGGGTCGGGTTTGTGGC   30  
1.33bppt-­‐‑nr-­‐‑13r31   GTGGAGTGGCGACTGGCGTACTGGCCCGTG   30  
1.33bppt-­‐‑nr-­‐‑15r31   TCAAGAGATTGAGGCAGCGTTGAAAATGGC   30  
1.33bppt-­‐‑nr-­‐‑17r31   ACGAAGGGTCTGCCTCCACCGCGCATGGAT   30  
1.33bppt-­‐‑nr-­‐‑19r31   CGGGTGTGCAGGGCTTTCCACGCGGCATCC   30  
1.33bppt-­‐‑nr-­‐‑21r31   TGGCTTTCATGCCCATTCTTTCGTATCCAT   30  
1.33bppt-­‐‑nr-­‐‑23r32   TATTGGTGTATTGGTTTATTTGATTCCGGC   30  
1.33bppt-­‐‑nr-­‐‑25r32   ATTTTTATGCCATAGATTATAGATTGTATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r32   GAAGAATTCGTTTCCTTTCTCTCTTTTTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r32   CCAGAAATAAACCCAAGCCAATCTGAGGTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r32   GGAGGGATTTATCGATATGGTAAAGAAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r32   TGGAAGTGAGTGCCGCGATGAAAAGTCTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r32   TCCGTGGAAGGTAGCGCAGATCATGGCGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r32   TCCTCTGATGCCATTCTGCGTAATGTTATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r33   TAAGGAAAGTGATAATGGTTGCACCTTCAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r33   CCTCAAGCATGAAGATTCTTGCTATGAAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r33   GCATATGCCTTGCGTAGCAATATGGGTTAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r33   TCTTGTTCCCAAAGCCTTCTGCTCCAGCTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r33   TGATCCATTCGTCTTTGCTCTTGTTGCCCA   30  
1.33bppt-­‐‑nr-­‐‑23r33   TTTATCGATCCTCTGTCATTACGATAGCCA   30  
1.33bppt-­‐‑nr-­‐‑3r33   TAAGTGTTAAACAGGTGCTGGGGTTACGGT   30  
1.33bppt-­‐‑nr-­‐‑5r33   CCTTGCGGAGCGGCAATAAGTCGGGCATTT   30  
1.33bppt-­‐‑nr-­‐‑7r33   CAGTTCAAACGAAAGTGATTGCGTCGCGGT   30  
1.33bppt-­‐‑nr-­‐‑9r33   GCTTCTTCGACCAGGCGTCTTCGATAGTTA   30  
1.33bppt-­‐‑nr-­‐‑11r6   CTAACGGGCTCAGACTCTAACTCTCAGGCG   30  
1.33bppt-­‐‑nr-­‐‑13r6   GCTTGGTGGTCCTTGGGTCCCTGAAGTCTG   30  
1.33bppt-­‐‑nr-­‐‑15r6   AGCCAACACAACTCGTGAAAGGTTCTTACT   30  
1.33bppt-­‐‑nr-­‐‑17r6   GGTTATGCTTTCCATATTTAGCTCAATGTC   30  
1.33bppt-­‐‑nr-­‐‑19r6   GGCTAATCTTCTTGACTCGATAAGAGAGCA   30  
1.33bppt-­‐‑nr-­‐‑21r6   AAGGTGGAAAAACGGTTCGACCTCTACTGC   30  
1.33bppt-­‐‑nr-­‐‑23r6   GAAAACTTGTTTCAGATTTGCTTGTGAGCT   30  
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1.33bppt-­‐‑nr-­‐‑25r6   GATACCGCATACCTACAGCGTGATTGATTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r6   GAAAACTGCAAATACCTTCCAACGGACATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r6   ATCACGGGATTCAGACGCGAATGTTAAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r6   AGCAGGATCACGAACCTGGTTTTCTGGCTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r6   GTTACCAAGAACAGTACGACGAACTTTCTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r33   TGGTGAAAATCTGACCAAGCGACGTGCAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r33   CAAACGCAACCGTGCGTGTTGACTGGCTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r33   TTTGGTTGTTCTGAGGGGAGTGATGGTTCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r33   CCTCATCATTTAAAACATTCCAGAGTTGGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r33   AAACAAGGACGGCCAATGCTTCGGCCAAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r33   CCAATATCAGAATCGGTATTCCTCATTACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r33   GGAAACATTGACCAGAAATTATTACTCCTG   30  
1.33bppt-­‐‑nr-­‐‑23r30   GCTGATTAGGCGTTGCAAATGATAGGATTC   30  
1.33bppt-­‐‑nr-­‐‑3r31   ATTGTCCTACGAATGTCGCGGCGGCATAAA   30  
1.33bppt-­‐‑nr-­‐‑5r31   CCATCGGGAAATACCCAGCCTCGTGTCATC   30  
1.33bppt-­‐‑nr-­‐‑7r31   GACGTTTTGGCAACTTGCACAAGGCCGCAG   30  
1.33bppt-­‐‑nr-­‐‑9r32   AAACTCTTTGCACAACATTGATAATTCGAA   30  
1.33bppt-­‐‑nr-­‐‑11r32   TATTGGTTCCTGTCTCTGCCTAAGCTTGAT   30  
1.33bppt-­‐‑nr-­‐‑13r33   AAATTTTCGCTTCTCATAGAGTCCACACAA   30  
1.33bppt-­‐‑nr-­‐‑15r33   AGCTTTGCTATTGAACTTAACGGTAAATCC   30  
1.33bppt-­‐‑nr-­‐‑17r33   TGAATAGCGAAACAAGCGATCGAGTTCATC   30  
1.33bppt-­‐‑nr-­‐‑19r33   GAATAAAAACCTTCATCTCTGTTATTGCAG   30  
1.33bppt-­‐‑nr-­‐‑21r33   TCGCGGCATAATTGGGGAAGTCAACCGAGC   30  
1.33bppt-­‐‑nr-­‐‑23r33   GCAGCGAGGCTTGGAGCGAACGAGATCTAG   30  
1.33bppt-­‐‑nr-­‐‑25r33   ACAGCGACGAAGTATCACCGACAACCGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r33   GGGAAACGAAATGGTTATACGGTCCGGGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r33   TGGCTTTGCTACCAGGGAAGAACCGGGCCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r34   ATGCGCTTGCAGATGCGTCGGATAGAGCGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r34   CAGCAAGTAATATGCTGCTTGAGCGAGAGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r34   GCGTTGCTAATCTATCACCGCAACGCATCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r34   CCTTTGGTCTTCATAATTCAATCGCGCTCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r34   CCACTGCTATAATTAATCCTTAAACGATGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r34   AGAGGCAAGCACATTGGCAGCTAAGGAATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r34   GATTTTCCCCCAGATAACTGGCCATGCATT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r34   CCGATTGCAGCCGTGTTTATTGAGTTTCCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r35   TCCGTCACGCACGGGTAATGGATATCAAAC   30  
1.33bppt-­‐‑nr-­‐‑23r35   TGCTGGTTCTGCTTCGGCCTGTGATACTTT   30  
1.33bppt-­‐‑nr-­‐‑3r35   CGTCGCGATCAGTGGATTTCGGATCTGGCT   30  
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1.33bppt-­‐‑nr-­‐‑5r35   TTTTTTGACTCTGTTTACTGATAGTGCTTG   30  
1.33bppt-­‐‑nr-­‐‑7r35   ATAACAGGTGATGTCTGCATGGATCTGCGC   30  
1.33bppt-­‐‑nr-­‐‑9r35   CCATATCATGGCCTGTATAGCTTTAAGTCT   30  
1.33bppt-­‐‑nr-­‐‑11r35   TGATCTCCAGAAGATGTTGAGCATTGTGCT   30  
1.33bppt-­‐‑nr-­‐‑13r35   TCTCTGGATTACATACGTTTTCCTTAAAAC   30  
1.33bppt-­‐‑nr-­‐‑15r35   CATCGCTTAGTAAAAGGATCAAAAACGACA   30  
1.33bppt-­‐‑nr-­‐‑17r35   TCTACTAAGCTGGAAGAGGTAGTATAGGCA   30  
1.33bppt-­‐‑nr-­‐‑19r8   TCACCGAATGCTAGGCACTGATACGGAAGA   30  
1.33bppt-­‐‑nr-­‐‑21r8   GCGCCCAAGGCTGAACGGGGGGTATGACCA   30  
1.33bppt-­‐‑nr-­‐‑23r8   CTACCGCAGGAAAAGGAGGACGTGAAAATG   30  
1.33bppt-­‐‑nr-­‐‑25r8   AAGAATGTAGGTTGATATCAACCAACCAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r8   AGGATGCGAAGGTCTGGCGAACGGCCGTAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r8   GGCCGCAGTCGCCGCACAGATGGCCTGACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r8   GCCGCAGAAGATCTCGATGATGGCTTGGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r8   CTGAGAAGTTAATGGTTTCTTTTGGTGAGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r8   ACATCCCTTTTTGCTGCGGTAAGCCGATTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r8   AAAAATCTGGCATGATTCTGTTCGGGTATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r8   ATGTAGCCTGTAGTCCTGAACGACCACTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r8   ATGTTATGTCGTTATCTGGGTTGATCGCTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r35   GAATTGTCGCCAGCATGATTAATTCGTTCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r35   AGTAAAGAGCGCTCCTGAAACTCGACCAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r35   CATCAACGGCTTTCTGTTTCAGGCAGTAAC   30  
1.33bppt-­‐‑nr-­‐‑23r35   ATTCACGCTTATTTATCTCCTCAACGGGCA   30  
1.33bppt-­‐‑nr-­‐‑3r35   ATGCTGCGCCTGAGAGTTAATTTCGAACAA   30  
1.33bppt-­‐‑nr-­‐‑5r35   CAAGAAACATCTATACCTTCATCGTCGTTG   30  
1.33bppt-­‐‑nr-­‐‑7r35   ATGTTCTCTTGTGTTTGTGTCCTTGCGCGA   30  
1.33bppt-­‐‑nr-­‐‑9r32   GTGGCAGCCTGTGATGCCATGGTGACAAAA   30  
1.33bppt-­‐‑nr-­‐‑11r33   AATTAGCGACACAGGATCTCTCTCATAGTA   30  
1.33bppt-­‐‑nr-­‐‑13r33   GTCAATGCCTTTTGCTGGGTCAGAAAACAA   30  
1.33bppt-­‐‑nr-­‐‑15r33   TTGCATGTGCATTTATTAAGCATCAATAGG   30  
1.33bppt-­‐‑nr-­‐‑17r34   AAGAAAATTCTAGATCCCTCTGACCCCGCG   30  
1.33bppt-­‐‑nr-­‐‑19r34   CGTTGGCCACGATAGTTACCGGATCCACTG   30  
1.33bppt-­‐‑nr-­‐‑21r35   GTGTGAAAGAACACCAACAGGGGCTGTATC   30  
1.33bppt-­‐‑nr-­‐‑23r35   TATTCAGAAAGTTCTGGGATATAGAGCTAT   30  
1.33bppt-­‐‑nr-­‐‑25r35   TAGAGCTTGGCACGGGCAGGTCTGACTGCG   30  
1.33bppt-­‐‑nr-­‐‑3r5   AGAATTAACTGGATTTACGGGGTGTGAAGA   30  
1.33bppt-­‐‑nr-­‐‑5r5   CTATCGCAGTAACTTTGCCGGACGCGTTGA   30  
1.33bppt-­‐‑nr-­‐‑7r5   TAAGTCGCAGGCGACGTGCGTCCAAACAGG   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑19r35   GTACTCATAGGTTTATTGAGCGCTCGGCCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r35   GAAAACAGAACGTAAGGAATTATAGCAATA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r35   ACCCGCAGCTGTCAGTTAGCTTTTGCTGTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r35   CCATGTGCAATGAACCTCTGGAGATCAATA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r35   GTCGTAGTGCTTGAAATTGCTATGCAACAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r32   GCCACCCTTTTCAACCATGTACCTGCCATT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r33   CTGCTTATCCGGTGTCATGCTGCCAGGGTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r33   CTGGCGTCAAGATGCTTTGTGCATGAGGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r33   TCATTGAATGCATTGCCTGCTCTGGACTTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r34   GTTGCTTTCCTTCATGGAATATTTTGAATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r34   GCTCTCCAATTATCACTGTTGATATATGGC   30  
1.33bppt-­‐‑nr-­‐‑23r35   CTTCAGCTTGTCCCACTCCCTGCACCTTGC   30  
1.33bppt-­‐‑nr-­‐‑3r35   GCTAATGCTATTAAAATAACCGCAAACATT   30  
1.33bppt-­‐‑nr-­‐‑5r35   TCAGGGAGTTCTTGAGTCCAATAGCAGATA   30  
1.33bppt-­‐‑nr-­‐‑7r35   TTTCTGGATTCTAACATTTATCTCTGTCCT   30  
1.33bppt-­‐‑nr-­‐‑9r35   ATATCACCCGAATTCCTGCAGCCTGGCACG   30  
1.33bppt-­‐‑nr-­‐‑11r35   ACAGGTTTATAAGTCGTGTCTTACAAAGGA   30  
1.33bppt-­‐‑nr-­‐‑13r35   GGCCCCGGATATTCCGTCGCTGGGCGTCGG   30  
1.33bppt-­‐‑nr-­‐‑15r35   TGACCGTGAGCATTATTCAGCGGCACGAAC   30  
1.33bppt-­‐‑nr-­‐‑17r35   GCCGCTGGAATGACGCGACAGGATCTTTGG   30  
1.33bppt-­‐‑nr-­‐‑19r36   GCGGTGCTGCCGGTGTGCAGATCGTTAATC   30  
1.33bppt-­‐‑nr-­‐‑21r36   ATGGTCTAGGCTCCGGTCGTATATGGAGTG   30  
1.33bppt-­‐‑nr-­‐‑23r36   TAAAACCCGGAGTATAAATGCCTCGCTTAT   30  
1.33bppt-­‐‑nr-­‐‑25r36   GGCTCCATGGTCACGCAGACCGATCGAATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r10   ACGAGCACACCAGTGTAAGGGACTTAAAGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r10   ATTAACATTACAACCTTTTTAATTATTGGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r10   TAAGTGAAATTACTGCAATGCCACCGGATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r10   AAATGGTTTTATGACTCTGCCGGTGGTAGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r10   ATCAACCTTACTGGAATCGATGGTCGATAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r10   AGGACATGAATGACATATCGGTTCAGAGCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r10   TGGCGTTATAACCAGCATAAATCCCTGAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r10   CAGTAAAAGCAAACCAAAACTCGCGAATTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r10   TGCTGGGTAATACAGCAAAAATAGAGGGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r37   TGGATTCCTTCATTTTTCTTTTTCGGCTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r37   ATACTAACATCAGCCAGCAGAGAGGTGTCG   30  
1.33bppt-­‐‑nr-­‐‑23r37   CCTTCAACGGCGGAAAAGGAGATGCTCAAC   30  
1.33bppt-­‐‑nr-­‐‑3r37   AAAACTAAGCGGCGTGTTTGTGCAATACGT   30  
1.33bppt-­‐‑nr-­‐‑5r37   TGCAGGTTTCCACTCGTTATTCTGTATTGT   30  
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1.33bppt-­‐‑nr-­‐‑7r37   TCCATCACACTCACACACAACACTGGTGTG   30  
1.33bppt-­‐‑nr-­‐‑9r37   CTCCTTATGAATCAATATCAACCTTCTTTC   30  
1.33bppt-­‐‑nr-­‐‑11r34   GTCCACGGACATCGATCCCGGTACCCCAGG   30  
1.33bppt-­‐‑nr-­‐‑13r35   CCAGTGCTGCCATCTCGATACTCAAGCATA   30  
1.33bppt-­‐‑nr-­‐‑15r35   AGCACACAGAAAAGGTCTGCGTCCTTACTC   30  
1.33bppt-­‐‑nr-­‐‑17r35   CCATCCGAAATGGGGATTTGTCTCTCGGAA   30  
1.33bppt-­‐‑nr-­‐‑19r36   GTGCATTTAGCGATCAAGCCATGCATCGCT   30  
1.33bppt-­‐‑nr-­‐‑21r36   CAGTGTTGTCAAAATAAAATCATAATACCA   30  
1.33bppt-­‐‑nr-­‐‑23r37   TCTAAGTACTAAACTCCAACATATCTATTA   30  
1.33bppt-­‐‑nr-­‐‑25r37   ATGAATAAGCCTAGTGATTTTAATTTAGTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r37   AATTTATCAAAAAAGTGGGGAAGTCACCTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r7   ATGAAACATCGAGGTCGACGGTAGCAGTGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r7   GCGCAACGATCCTGTTACCAGTGCGCGTAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r7   GAATGCAAAGAAGATAACCGCTTAATATTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r37   CGGCTCTTACGTTTTCATGGATAGAGACTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r37   CGCTGTGTCAGGCACGCGGTCTCGGTGAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r37   GCTCTGGACCGGACGTTGCCGCGGCGGTAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r37   ATGCAGCTTGATGACCCTGAAAACGGGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r37   ACCTCTAACGTAACAAGCAACAGCCTGATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r34   ACTGCGACTATGCGCTGCAGCAGGCATGTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r35   CGTGAACGACTGGATCTATCAACCTTGCTG   30  
1.33bppt-­‐‑nr-­‐‑23r35   ATGCCGTCTTCCCGAACGGCACCAGACTGG   30  
1.33bppt-­‐‑nr-­‐‑3r35   TTCTTGAATGTCTGCGACAGATTTAGATTT   30  
1.33bppt-­‐‑nr-­‐‑5r36   GCACAGATGCCCCTGAACAGACAGACGCAG   30  
1.33bppt-­‐‑nr-­‐‑7r36   CTCTGGCGAATAATTGGAGCCAAAATCCCA   30  
1.33bppt-­‐‑nr-­‐‑9r37   CTGGATAGCAGGTGAAGGACTCCGCTGGCT   30  
1.33bppt-­‐‑nr-­‐‑11r37   ATGATTCGTGAGCTGAAAAAGAATACCGAT   30  
1.33bppt-­‐‑nr-­‐‑13r37   GCAAAACCTGGGATGATCGTGAATGCGGTG   30  
1.33bppt-­‐‑nr-­‐‑15r37   GTCATATAATTGAGCCTGTTTCTTGGTATT   30  
1.33bppt-­‐‑nr-­‐‑17r37   ATGGCCCGCAGAAAAAGACCTGAGCAACGG   30  
1.33bppt-­‐‑nr-­‐‑19r37   CAGCCAGCACCCCTACAGTTTGATCGAACT   30  
1.33bppt-­‐‑nr-­‐‑21r37   CGCCGATGTAAGAAAGGTGCGCTGTATGAC   30  
1.33bppt-­‐‑nr-­‐‑23r37   CTTCAAATCCTTCCTGACCATTTACGCCTC   30  
1.33bppt-­‐‑nr-­‐‑25r37   ACGGCCATGCTGGCCAACACCTAACAGTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r38   GAGTGAAGCGAGTGCAGTACTCATTGGCAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r38   GTACGGGTGCGGCGACGGCGAGGTGGCGTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r38   CGATCAGTCCACGCATCATCCCCGAGCCAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r38   CGATGTGGTTTTGTCATTTATGCCTGTTCT   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑11r12   ACCGGTGCAAACCTGATTCCAATGCCAGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r12   CAGCGTCACCCGCAGACGCGGCGAAATCAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r12   AAATGCATCCAGCACAATCGATGTACTCAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r12   GACGCCGACCGTGAAATCACGCGTGGATTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r12   GCTGCTCGCACGGTATCAGTCATAAAACCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r12   AAACTGTTTGGTACGGCGCTGTATTGAGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r12   GCCGTAGCTTGATTCCTCTGCTGTGACGCC   30  
1.33bppt-­‐‑nr-­‐‑23r12   GCACAGTTGACCGATGACCATCATAGCTGA   30  
1.33bppt-­‐‑nr-­‐‑3r12   GCCTTGCCCAATTTGTTGCAACGTGCATAT   30  
1.33bppt-­‐‑nr-­‐‑5r39   CGTAACGAGTCGGTGGTCCGGCAAAGAGCA   30  
1.33bppt-­‐‑nr-­‐‑7r39   GTTGTGTTTGCAGGAATATACCCTTTGACC   30  
1.33bppt-­‐‑nr-­‐‑9r39   ACGTCTGCGCCGGACAGGCTGCAGGTGGCG   30  
1.33bppt-­‐‑nr-­‐‑11r39   TACAAAACTAAATGCTGAAATGATGTGGTT   30  
1.33bppt-­‐‑nr-­‐‑13r39   ATTACGGAATACCCAGATTGCGCCAACAGC   30  
1.33bppt-­‐‑nr-­‐‑15r39   CATTACGTGCTTAATATTCTATAATGTTCT   30  
1.33bppt-­‐‑nr-­‐‑17r39   GGTGAAGACAGCAACCATTACACAGTTTCG   30  
1.33bppt-­‐‑nr-­‐‑19r36   AGCGGGTTAGGGAACAAAAGCTGGCTCACT   30  
1.33bppt-­‐‑nr-­‐‑21r37   TGTTTGAAGGAAGAAACCTCGTACAGCCTG   30  
1.33bppt-­‐‑nr-­‐‑23r37   CATTAGGCTGTAGCACCGCCTACCACCGCT   30  
1.33bppt-­‐‑nr-­‐‑25r37   GCATTTGGAATTATTTTATTGTAAAATTAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r38   GGAGGGCACAAAAGCGACGGGCAGGAGACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r38   GGGCTGCATTACCTGGGGACGCAGGCGAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r39   ATCGCAGACCGCGATAAGTGGACCGCGACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r39   TGTGTGTGGAACAAATCCAGATGACGACAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r39   GGCTCGATGCACCAACGCCTGACCTTCAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r9   GCTAACTTAAAGTTTTTCCATCGTCTTAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r9   ATCTTCAATGATGACAATGTCGCTTGGCCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r9   GTCGGCGCACCCCAACCAACAGGGATTTAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r39   TGCGCTTTCCTACAGCGAGAAATACCTTAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r39   ATAGTGGATATTCCTTCGCTACCTAAAACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r39   GCACTCAGACACGTTCAGCCAGCCATCGCT   30  
1.33bppt-­‐‑nr-­‐‑23r39   GGCATCACAAGCGGTGATGACGCGGTGTGG   30  
1.33bppt-­‐‑nr-­‐‑3r39   AAGTAGGAATTCTTCGTCTGTTTCTGGTTT   30  
1.33bppt-­‐‑nr-­‐‑5r36   CTCTCATCTGCTGGTTTCTTTCCCTGTTTC   30  
1.33bppt-­‐‑nr-­‐‑7r37   AAGCTCAACGTTTCCACCGTACTAATCCCC   30  
1.33bppt-­‐‑nr-­‐‑9r37   GCGAGTGCTTTGCTCATGTAATTTTGAGCA   30  
1.33bppt-­‐‑nr-­‐‑11r37   TTGCCGCATAAGTTGGCATTATATCTGTTT   30  
1.33bppt-­‐‑nr-­‐‑13r38   TTTATGCACTGCTCGTAGGAATGGATATCG   30  
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1.33bppt-­‐‑nr-­‐‑15r38   CATTTTTCTGTCTTTTTCTATCTTAGAAAT   30  
1.33bppt-­‐‑nr-­‐‑17r39   GAGGCTGATCCTGTCGTAGGTAAATTATTT   30  
1.33bppt-­‐‑nr-­‐‑19r39   TCATAAAGTTACGCCAAGCTCGGTTTATGC   30  
1.33bppt-­‐‑nr-­‐‑21r39   TTCCGGCTAGCCGTAGTTAGGCCTCAAGAG   30  
1.33bppt-­‐‑nr-­‐‑23r39   AACAGGCGCCGGACGCTACCAGCCGGAGTA   30  
1.33bppt-­‐‑nr-­‐‑25r39   GAAGATGGATATAACGAGCGTGTAACATGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r6   CTATCTGAATGGCGCAATCACAACAAGTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r6   GCCAACCAACTCACAAAACGGGAGGTTCTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r6   TAATCTCGGGAAACCATGAGCAAATTGATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r6   GCAGCAAAGGGAAAATGCACGCCTATCGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r6   GAGTGCAAATCGCGTCGAACTGACCCAACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r6   AGCCGTAACGAGAGGAGCAGAAACGAATAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r6   CTCGATGCTGCGCTAACTGCGGTTTTGAGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r6   AGGAAGATGTGGATTGGCATCAGCAACCAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r6   ACCAATCGAAAAAACTAACCTTTCCCGGGC   30  
1.33bppt-­‐‑nr-­‐‑1r6   AGTTTGTTAAACGGGATCACCACGAAAATC   30  
1.33bppt-­‐‑nr-­‐‑5r6   CCTGTTGGTTCTATCAGTAATCGCCGCCCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r6   CCCTAAAAATGAATATTATCAAGTTCCCGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r39   GTAACAAACAAGGCCATTCATGCCTCATCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r39   CCCCCAAGATGGGATCATTGGGTTTTTGGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r39   TTAATGACCCCGCAGGCTAATGTTTTGGTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r39   GGTGAGAGACCGCCAGAGATAATTCAAAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r39   AATTCCCAAGTAATTCAAAACCTCTCGTTG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r39   GAATGAATTGGAGGGCAAAGAAGGGGTTAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r39   TGAATGCTGCGTTCATGGCTGAAGGCTTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r39   TGACGTAATATTTTCGACAATGCTTGGCAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r39   AGTACCAGGTCAAAACTCGCCATAAAAAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r40   GCAACAGCCCAGTGCTCTTTCCGTACCGAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r40   AGCCTGTAGCTGAATCAATGATGTTTACAA   30  
1.33bppt-­‐‑nr-­‐‑23r40   AACCGATCACGGTCATCATCTGATGCATTC   30  
1.33bppt-­‐‑nr-­‐‑3r40   CCGAACCCGGTCGATTTAAGTCAGGATGGC   30  
1.33bppt-­‐‑nr-­‐‑5r14   AATTTTTATCTCCGCCAAGAATCTAACTTC   30  
1.33bppt-­‐‑nr-­‐‑7r14   CGCTCCTCTCAGGCTTCTGAAGACTATTAA   30  
1.33bppt-­‐‑nr-­‐‑9r14   ATGAAAAGATGAATGTTCGTGCTTGACCGT   30  
1.33bppt-­‐‑nr-­‐‑11r14   AGGACTTTAAAACACCTCACGAGGCCGGGC   30  
1.33bppt-­‐‑nr-­‐‑13r14   ATTCAACACTCCAAACGATACCTGCCTATG   30  
1.33bppt-­‐‑nr-­‐‑15r14   GAAAAACGTGGTATCTTTATAGTGTTATCT   30  
1.33bppt-­‐‑nr-­‐‑17r14   TCCGCCTAAATAAAATTGGGTAAAGCATAT   30  
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1.33bppt-­‐‑nr-­‐‑19r14   CGCGCTGTCAGAGCTGTGGGGGACTATCAA   30  
1.33bppt-­‐‑nr-­‐‑21r14   AACTTGTCACGCTAAACCCAAAAACGTAAG   30  
1.33bppt-­‐‑nr-­‐‑23r41   GCGTTCCTGACTTCGCCGGACTAAAAGGAA   30  
1.33bppt-­‐‑nr-­‐‑25r41   AGCAGTATGCGGCATTTTGTCCATGAACAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r41   GGGAAATATTCCGGTACTGATGTGGCGCAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r41   GTAAGCGGCGTGTTTTATCTCTCGGGGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r41   TGTTCTGCCAGGTAATCTGGAACTCTGGCT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r41   ACCCGTGACCGCTTCACACTGACATGCCAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r41   AAAGCTCTAATCACATTCCCCTGTAGTTGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r38   GGTGAAACATCAGGATCATATCCCAACTTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r39   CGATCTGCTACGGTCAGAAAATATACCAAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r39   CCTGACGCCGGGTGACTCACTGGCTGGATT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r39   AGAAACTCAACCAGCACAAAAGCAAGAGAC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r40   TTAATGTTGCTGCGCTCGATGCCAGCGCGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r40   TAAATCCTGATGATGACGGACCATCAGCAG   30  
1.33bppt-­‐‑nr-­‐‑23r41   CGCGACTTAGCGGAAAAAGCAGCTGGCTAA   30  
1.33bppt-­‐‑nr-­‐‑3r41   ATCACTAGCAGGCTGACGTTACGATGCACG   30  
1.33bppt-­‐‑nr-­‐‑5r41   ACCAGCGCCGAACAAGAAAGCGTAGCAACA   30  
1.33bppt-­‐‑nr-­‐‑7r41   ACCATTCGATGACCATTTCGGGCACGCAAC   30  
1.33bppt-­‐‑nr-­‐‑9r41   CGCAGCTTGCCTTTTTATTTGGGAAGCATC   30  
1.33bppt-­‐‑nr-­‐‑11r8   CGTTACCGTCCGTCGCCAGTGGGCCTCAAA   30  
1.33bppt-­‐‑nr-­‐‑13r8   CAAGGCATTCTGATTACTAAACACGTAGCC   30  
1.33bppt-­‐‑nr-­‐‑15r8   TTGGGGGAGTGCAATGAAGCCAATAACCCC   30  
1.33bppt-­‐‑nr-­‐‑17r8   GCTCTTACAAGATCTCGGCGTATTCACCTG   30  
1.33bppt-­‐‑nr-­‐‑19r8   GCTCAACAACTTTCCCCACAACGAAAAGCT   30  
1.33bppt-­‐‑nr-­‐‑21r8   CCCCTTCATCTGTTAAAATATCTTTAGTGA   30  
1.33bppt-­‐‑nr-­‐‑23r8   GTTGTATCCAGTATCACCGCCAGTTGAGCT   30  
1.33bppt-­‐‑nr-­‐‑25r8   GAAATACGAACTTCTCTGCGGGAATATTTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r8   TGGTGTGTGCATTAAGATGCAAAATTCTGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r8   TATTTATGTATCCTCACAGATAATTCAGTA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r8   TTAATATCCTGAGCCTCAAGACGGACTGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r8   ACGGCCCCCGTTCCGGCTGACGTCCCACAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r41   GCTGTACTCCATTTTTTCGATGAGCTTTTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r41   ACTGTCTGATAATCGTGAAGAGTTATCGTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r41   ATGTTCATTGTGTTGCGCTGTAACGAATGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r41   CAGCGTCAAGTAAGATAATACTCAAGGCTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r41   CTTGGACGTCTGATCCTCTTCAACTCGACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r41   TAAAGATACGGTTCGCGACGAGTCACTACA   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑23r41   GTTATGGCGCATATATAGTATCGCTGGCAA   30  
1.33bppt-­‐‑nr-­‐‑23r41   TTGATTAATTTTAACCGCTAGATCTGGAGG   30  
1.33bppt-­‐‑nr-­‐‑3r41   ACCATTTATTTTACCACACCCATGGAACCT   30  
1.33bppt-­‐‑nr-­‐‑5r42   CTTGCAGTTGGTGGTATCCAGAACCGGAGT   30  
1.33bppt-­‐‑nr-­‐‑7r42   TCCGGAAAGAGTAATCACTTCACTTTACGG   30  
1.33bppt-­‐‑nr-­‐‑9r42   TTCCTGGCGCGCACGAGGGAGCTTGGATGA   30  
1.33bppt-­‐‑nr-­‐‑11r42   TGGAACTCAACATATTAACGGCAAACCTTA   30  
1.33bppt-­‐‑nr-­‐‑13r16   AGCAGCCTACGGGTCCTTTCCGCGTCATAA   30  
1.33bppt-­‐‑nr-­‐‑15r16   CCCAACCCGGTACAGGCCGTGCGGGTATCG   30  
1.33bppt-­‐‑nr-­‐‑17r16   CTATTTACTGATTACTCCGATCATCGGAGG   30  
1.33bppt-­‐‑nr-­‐‑19r16   GAACTGATCATTATCGCCTGGTTTTTGCAA   30  
1.33bppt-­‐‑nr-­‐‑21r16   GAAATACTACTCACCACGGGCCATTCAGGT   30  
1.33bppt-­‐‑nr-­‐‑23r16   ACAGGGAGATACGAGTTTGGAAAGAACTTC   30  
1.33bppt-­‐‑nr-­‐‑25r16   CGTTAATCGTGGTGCAGAGAACGCCTGATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r16   AACAAACTAAGTAGCACGCAGACGCAGAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r16   TGAGGCCGACGCAATATTCACAAGGAACGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r43   TCACGTCTCACTCGAACGACGAACGATGAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r43   TGCCGGGAAAAACAAGGTGATTGACATCTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r43   GGTAACTGTTAAAACTCGTTCCCCTATGGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r43   CCTGCTTAGAGCTAATAACAGGCCAGCGAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r43   CTGGTTGAGCTAACCGTGACCAGCAGGGGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r43   TGGCGTACGTTTTGCCCGTGCATAATAGTT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r43   ACACAAAATTAGCGAGATTACAAAAAGGGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r40   ATCAAATTGCAATGCGCTTTGGGCGAGAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r41   TAACATTCAAACGTCTCTTCAGGAGACCTT   30  
1.33bppt-­‐‑nr-­‐‑23r41   TAATATATTGAGAGATGGCCTTTAATACAA   30  
1.33bppt-­‐‑nr-­‐‑3r41   TTGGTTATCATGGTGGTCAGTGCCCGATGG   30  
1.33bppt-­‐‑nr-­‐‑5r42   AATGGAAAGCCAGATATAAGCGACTATCAG   30  
1.33bppt-­‐‑nr-­‐‑7r42   GCAGCTTTGATGTATTTTTTGATCGACGGC   30  
1.33bppt-­‐‑nr-­‐‑9r43   TTCACGAAGGGCGAGCTGCTGGTCGCGAGT   30  
1.33bppt-­‐‑nr-­‐‑11r43   TTTGAATGCATGGTTTCATCGTTAGCTGAC   30  
1.33bppt-­‐‑nr-­‐‑13r43   TTTATGGCAATACAAAACCAATTCGTTTAA   30  
1.33bppt-­‐‑nr-­‐‑15r43   ACGCTGCGTATCTGCACAACAGGAGAGGTC   30  
1.33bppt-­‐‑nr-­‐‑17r43   CATGCCGACCTGGTGGTTCAGGCACTCACC   30  
1.33bppt-­‐‑nr-­‐‑19r10   TGCATCCTAACGGTATCAGCAATCACTCCT   30  
1.33bppt-­‐‑nr-­‐‑21r10   GAAGTGTCCCGGCGCTCATGACTGACCACT   30  
1.33bppt-­‐‑nr-­‐‑23r10   TCATTTCGTAAAATACCTTGATATGGGTGT   30  
1.33bppt-­‐‑nr-­‐‑25r10   GGGGAAGTACTGTTTATACCAACTCCATGA   30  
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1.33bppt-­‐‑nr-­‐‑-­‐‑19r10   ATTTCTGAATTGCACCAATCATTTTGCAAT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r10   TATTGCTAAAGCTCTGAATCAACCCATTGC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r10   TCACGAAATTCCTTATAACTTTTGCTCACA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r10   TGTTCTTTATCCGGTAAGCGGCAAGGTGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r10   TGCAAAATACACGTTAGCAGCATTTAAGCC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r10   GCTGTATGGACGCCGGGGGCAAGCTTGAAG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r10   ATCAGTGGGGATATCCGGTGGCTAAATCAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r10   ATCTGACGTAAAAACCTTCAACTAAGATGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r43   CGCAAAAAATACGTCGGCGGCGCAGGTTGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r43   ATGGCATGATGGAGTTAAAAGATTGCCGGA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r43   AGCGAGGCCCAGTTACTGGCAACAAAAAAG   30  
1.33bppt-­‐‑nr-­‐‑23r43   AAAAGATTAAACCAATGGACAGAGTATGCA   30  
1.33bppt-­‐‑nr-­‐‑3r7   TTTATTTGTATGGAACAACGCATCTTGGAG   30  
1.33bppt-­‐‑nr-­‐‑5r7   CCTGTTGGTGCGCCGACCAGAACCTTGGCT   30  
1.33bppt-­‐‑nr-­‐‑7r7   TCTACCTTTCTCAGCATTGGTGACGTGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r8   CAAAGAAATTCAGGGCTTAATTTATTGAGG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r8   ATATTTACTAATGTGCATCGATTAGTTCTC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r8   TGGCAATCTTTCTATTGATGCTTAATAAAA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r8   GTGGCGATTCGTCTGCCAGTTCTATCCATC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r8   CATTCGGTCCAGGGCGATCAGCACGGAACT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r8   TCATGAAACGTGAGGATGCGTCAAGTCGGT   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r8   GTGAATCCCCACACTCACAACAAAACCCCG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r8   TAATAGCGAAACTCCTTGCAATGCTCCGCA   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r8   ATTACACGTGTTTCTTATATAAAGTTGCCC   30  
1.33bppt-­‐‑nr-­‐‑1r8   GGTAACAAAAGGAAAGACCTGATTCAGCTG   30  
1.33bppt-­‐‑nr-­‐‑5r8   CGTCGTTTATAACCCACTGTTATAGTAATG   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r8   AGGTGTTAGAAAAAATATTCATTGAGTAAG   30  
1.33bppt-­‐‑nr-­‐‑3r9   TCGCTTAACATTATAATTTTTTAATATAGG   30  
1.33bppt-­‐‑nr-­‐‑5r9   GATGAATCTAGCTGCTGAAACGTATTCTGT   30  
1.33bppt-­‐‑nr-­‐‑7r9   GGATAACCACGCTTCCCGAAGGGTCAGACC   30  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r0   AGTTCGAGCATAAGGCTGACAGCGACTGGCA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r0   GCTCATAGGAGATATGGTAGAGCGATCATTT   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r0   AAAATTCAAAGAAGCGGGCGGAAGCCTCCGG   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r0   TAGAGTTGTGGCTTGGCTCTGCTGTTATACC   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r0   GAGATTGATGTATGAGCAGAGTCAGTCTGTC   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r0   ATTATTATTATCATTCATTATGTTTTTTGTT   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r0   TATCTCCGCTCTGGTTATCTGCACCGCTGGT   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r0   TAGTAAATTAGTTACACAGGAAATTCTTGCG   31  
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1.33bppt-­‐‑nr-­‐‑-­‐‑3r0   TGCCTGTCATGGGCTGTTAATCAGCTGAAAA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r0   ATCTTTGCAATGATTCTTATCAGCAAGCGAA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r0   CCTGAAAGACTTCTCTCCGAAAAACACACGC   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r0   GACCATCTATGACTGTACGCCACTGGGGCCA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r44   ATAACGCCATTACCTACAAAGCCAAAATACA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r45   CAAAAATGCCAGAGAACTGAAGCTGCGTCAG   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r45   CTGATATATTTTAGAGGTGATAACTTTAAGT   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r45   GCTGTGGCATTGCAGCAGATTAAATGGGCAA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r45   TTGCATGAGAGAATTTGTACCACATAAACTC   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r45   GCGCTTTACCTATGATTGATCGTATGAGCAG   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r12   ATTTCCAGTTGCTACCGATTTTAATGAAATA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r12   CCGTCAGGCAATCGACCGTTGCAAAACAACT   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r12   GGTGAACTTCCGATAGTGCGGGTCATTTCTA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r12   TGGGCTTCACTGCCGGGCGCTGGCACCCTCA   31  
1.33bppt-­‐‑nr-­‐‑15r12   CGTCGTATGCAGGAACGTGCTGCTTGCGAGA   31  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r12   GCTTAACTGTCAATGTAATACAATCAATGCA   31  
1.33bppt-­‐‑nr-­‐‑1r0   GACACCGCTGTTTTGAACAGTAAAATGAATTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r1   AGCGTACACATCAATAAAACCTATCGCAATGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r1   GGCACTCGGGACCTGCAGGATTTTGTTTACCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r1   TGATGATTACAGCGTGATGGAGCAGTCGTGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r1   CGTACTTTGGGCGGCTGCAGCATTTGGTGGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r1   GGCATTCTGCAACCCGCCAGATGTTGGCAGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r1   ACCCCCGGGGTGCTGCCGTTGGCACGTGGCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r1   CTCCACCTCGAAGCCTACGCGCTGGCACCGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r1   GATGCTGCGCACTGGTGAAGCTGCGGTAGATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r1   GGGTTTCGTAATGCGCGGGTTGTCCGGATTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r1   CCGGCAGTGGTTTATAAGGGGAGCGTAACAGC   32  
1.33bppt-­‐‑nr-­‐‑1r1   TCAAAGGTGCCATTGGTAAAACCTGGAAGCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r1   GGCAACCGGCGCATTGAGCATCTCCATCCACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r1   GAGTATGCAGGCGATCTGGTCGTTACCCTGTC   32  
1.33bppt-­‐‑nr-­‐‑3r10   CGATTTCACGATGAAGCCGGGGCAAAGGCTTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r10   CGAACGGCGTCTGCACAGGAGAAAGGTATTGC   32  
1.33bppt-­‐‑nr-­‐‑7r10   ACAGAATACACCGGCGGTTATGTCGGGGCTGG   32  
1.33bppt-­‐‑nr-­‐‑9r10   AAATCCTTCGCGCCCCACGCTGACCCGCAATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r11   ACGTCGGCACGATTCATAAGTTCCACGATTTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r11   GTCGCCGCGTGCCAGTATGGTGCTGGTGGATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r11   GCTTAAAAGCAAAACCACCTCGCAGGATAAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r11   GGGCGCTGAGCTTGTTGAAGATACTGAATACA   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑9r11   TCAGAGCACGATGTTAATTTGTTCGGCTTTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r11   GCGTATGGCGACGGAAACCACATAAGGTTACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r11   TGGATTTTAGCGCCTGACGGCCCCTGGCGCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r11   CGAACGAGCAAGTGAAACCGGGTACGGCAGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r11   TCCGTCGTCGGTTTTCCACCATCGAAAACGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r11   AGAAACGAATCGCAGAGCAAAAGTACGCGCTT   32  
1.33bppt-­‐‑nr-­‐‑1r11   GCGGGTAAGGGAAACCCGCCAGCGATACAGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r11   GGTATTGGGGCATCTCGTTGAAGATTGTATGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r11   AATAACGTATAGCTCTGATATCCATGGATTGT   32  
1.33bppt-­‐‑nr-­‐‑3r12   TTATTTGTTTTCAATAACATTATTAACACGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r12   GGCCTCTGGCCAGAGACTCCGCTGTACATCCG   32  
1.33bppt-­‐‑nr-­‐‑7r12   TGAGGTGATATTGAACAGGAAGGCATCTGGAC   32  
1.33bppt-­‐‑nr-­‐‑9r12   CGTGGATATCCTGTAATAAGCAGGGTAGTGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r13   CACCTGACGCAGAAATGTCGATATGAAAAAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r13   TACTGTGGCACCATTCCCACCCTTGCTGCTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r13   ATTGACGTCACGCTGCAGAACACGGCTACTCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r13   ACGGCACGACAATCAACAGAGGAGGCCCGTCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r13   GCAACAGGCGGCATATACCGGCCTGCTCACGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r13   ACGCGAAGCTGACCAGACCAGCACGCCGATTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r13   TTTCCGGTGTGAATATCATCGTGTTCCGGCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r13   GTGAGTTCACGCCACGCGGGATGAACACGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r13   ACCATCGGCGTCGTAAAAAGGGGCTTTGATGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r13   TCGCCCCGAATCCGCTTTCAGACGACGTCCGT   32  
1.33bppt-­‐‑nr-­‐‑1r13   CTGAATGCGGCGCGTAGTTTGCATTAATTGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r13   CGATGGCACAGGCAGAACAGGCGGCCCGACTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r13   GCGTGCCAGCGGCCAGATTTGACGGCTGGCGT   32  
1.33bppt-­‐‑nr-­‐‑3r14   ATGCCTGGGAGGCCGCAACGAAAGGTCACGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r14   TGAAATATAAAGATGAGACGCTGGGGTAAAAA   32  
1.33bppt-­‐‑nr-­‐‑7r14   GTGCAGCCATGGCAGACAGCCGGTACGGTACT   32  
1.33bppt-­‐‑nr-­‐‑9r14   GGAGTCGTCGGTATGGTCACCGGGAATGCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r15   AAATGCCTTCACCGGGCGGCGCTTTGGCGCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r15   ATCTGCCTGATGCTGGCACCGAAAATGCCATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r15   AGCGAAGGGGTGATGGGTAACCTGGCATGGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r15   AAACGTCTTTACGGTCGTAATGTTTAAAAGTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r15   TGTATAGAAAAGCGGATGTTGCGGAAAGAAAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r15   AGCCGTGTGGCGCTGGGGAACTACAGGCCGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r15   GGTCGGGCCGGCAATCCTCCGGCCAAGTACTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r15   ATGAACGGCGGGCGGGGATACCGGGTGGCGTG   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑3r15   GAGTGCAGACCGTGTATGAAGATTAAACGCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r15   CGGCCACCGCAATACGTGCAAAAAAATGATCC   32  
1.33bppt-­‐‑nr-­‐‑1r15   AGATTTTGCTCAGGAACAGGATGGGGTACAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r15   CGTGAGTGCGTCTATGACGTGGCTAGTAATCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r15   TTTTGTGAATTTGTTATTTTGGCTATGATGTT   32  
1.33bppt-­‐‑nr-­‐‑3r16   GGCGAAATATATCCTATAATCTGGATTAAAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r16   GAAACGACCATTCTGTACTTTCGTGCGGGCCA   32  
1.33bppt-­‐‑nr-­‐‑7r16   TCATGAATGGTGACAAGCGTATTGGATTGAGC   32  
1.33bppt-­‐‑nr-­‐‑9r16   AGTCAGTGAGTAGCATTTTTTTCAGGACGTTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r17   TGGTTTTCATACTGGCGGGATTGAAAGAGCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r17   GTCGAAAAATGACATCGCTGCGCGGCGGCATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r17   GAAAGAGTATTGTGAAGGCGATGTGAGCAGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r17   TTCCCGGAAGAGCTGCGTAATCTCCTCGGGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r17   TGACCGGTGCTGGATACCGAGGCTCCGCATTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r17   TGGGGATCCAAGTCCGGCACGTTCCGGGACTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r17   GTAAACATGGGCGCTGTTCCGTTCGTTACCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r17   AAAAACTGGCTGCCGGGAACGGCGACTGATGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r17   GGTGCGGCAAGGTGGCGGCAGCGTACTGGAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r17   AGCATGACTGGCAAAAGTTAAAGATCACCCGC   32  
1.33bppt-­‐‑nr-­‐‑1r17   TGATTTAGTTCAATCTGGTCTGACAGCACCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r17   ACGGTGAAGGAAGTTTACTGTGGATGCCCTGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r17   AACTGGCGTCAGGCGTCATTTTTCGGGCCACC   32  
1.33bppt-­‐‑nr-­‐‑3r18   TCGCTGGCCCCGCCGCCTGAAAGAAAAATGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r18   CAGCAGCATGGCTGCACTTGGCGAGGGAAGAG   32  
1.33bppt-­‐‑nr-­‐‑7r18   AGCGCCACCGTTTGAGCAGAATAACGTGACGC   32  
1.33bppt-­‐‑nr-­‐‑9r18   TTTCTGTCCAGAGTCTGGTCGGCGGACCAGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r19   AACGTCCGGGACTGTTACACACTGACGCACAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r19   ACTCCCTCATACAGACAACGGATACTGAAGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r19   CACGCAGTAATATCCGGATGCGCACTGTGGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r19   TATGCTGATTTGGCTGTACCAGCCGAGGTTCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r19   TTCTATGAGTTCTGTTCTTCGTTGACTTAATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r19   GTCCGTCAGCGGTAAATGCGTGGGGTGAACAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r19   CGTTGGCAGACGGAAAGCTGACCGGGCAGGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r19   AACGTATTAGGGATTAACGTGAAGCAGGGACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r19   AAAGTGCATGAATGATTTTCTCTGAAAAAAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r19   GCCGCAGCCAGAAGATATAGCTTCTACGCTGA   32  
1.33bppt-­‐‑nr-­‐‑1r19   ATGAACTGCCACAGTGCCAGTGCACAGTCAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r19   GCAGCCACTTTATTTCTGAACTCGGATATTGA   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑19r19   GTGGCCTGCGCCAAAAAATATATTATTCTCCT   32  
1.33bppt-­‐‑nr-­‐‑3r2   GGCTTCATATAATAAATGTTACTGTTTTTAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r2   TTTTTATTAGGTGAAATTGCCAGTAGGAAGGG   32  
1.33bppt-­‐‑nr-­‐‑7r2   CGCTGGGACAAAGTCCATCCGTGGGCATTCTC   32  
1.33bppt-­‐‑nr-­‐‑9r2   CGTCGTCGTGCTTTTTGAAGTTCGCCAACGCC   32  
1.33bppt-­‐‑nr-­‐‑3r20   GACCGGGATGAACGCTCGAAAAAAGATCTGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r20   CGAAGCGCACGGCGGTGGCAGCGGAGAAGCCC   32  
1.33bppt-­‐‑nr-­‐‑7r20   GTGCCTTTAGAGTGAGCTGGATACGTATATCG   32  
1.33bppt-­‐‑nr-­‐‑9r20   CTGCCGGGATGGCCTTTAATGAGCTGGTCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r21   CGGACGCGCAGGAGGCCATTGATGAGATCACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r21   GCAGCGGTCTCTGGCCGGAGGCTGACCACGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r21   GAAAGTCTGGAGAAGCTGGATACCGCACAGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r21   CGAAGGCAGGTGTGGCAGCCGAAATGAAGGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r21   CCAGCCCGCCGTCGTATTCCCGGCATACTGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r21   CTCCGTGCACTGACCGCTGAGTCCATCGGTAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r21   CCGGTGCTTGATGATTTATGTCAAGGATCTGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r21   GGCGGTGACGGCGCGTTTCTGGTGGCGGGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r21   GTGTTCGATGCGAAAAAAACAGCGCTTGCCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r21   TGCGATCAGGAGACCTGGGCAGACAAGAAGGC   32  
1.33bppt-­‐‑nr-­‐‑1r21   TGAGCAGCGGAGCGCCTGAACGCGATGGCAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r21   CCTGAAGTCAACGACGGCACGAACCCGGGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r21   AATGCCAAGTAAGGTTTACGCCCGTTATAGCG   32  
1.33bppt-­‐‑nr-­‐‑3r22   GTCCGGCTCATCTGGCGGGGATTGAACGAGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r22   AGGTACACCCTATTTCTCCTCACTGGGGCATA   32  
1.33bppt-­‐‑nr-­‐‑7r22   CCCCGCGCGCACCACAGACCAGCTACCGGCAT   32  
1.33bppt-­‐‑nr-­‐‑9r22   ACAGCAACGCGCCGGGCTGTGGCTGGTTGACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r23   TTCGTGTAGTATTCAGTGTCGCTGGTTTAAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r23   GAAGTGGCCGGCGTCGGTATCGTTGGGCCATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r23   ATTATTACTCAGTGGCAGTGTGAAGACGTTTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r23   GCGGAAGTACGGACAGTGTGGGGGCTCCCGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r23   TATATGAATGATGCCCGGCCGGAGGAAGCGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r23   ATCAGCAAGGATGCGGACACAACGATGTTATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r23   GACGCGTCGGGACGAAAACCACATCACAGGGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r23   ATTGCTTAATTTTACCTGGTTATCGCTGAACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r23   GTGTTGATCAAATGTTGTATTGATTATGGAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r23   AATCTTTTGGAATTGATTCAAATTAAACCATA   32  
1.33bppt-­‐‑nr-­‐‑1r23   CGTTTCCGCCCCTGTCGGTGCAGCAATTACTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r23   TCTCCCGAGAGAGGCACCTGTCAGTGCGAAAA   32  
  299  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r23   TGATGCTCAGAAAATTAAACAAACAGGGTTTA   32  
1.33bppt-­‐‑nr-­‐‑1r23   ACTTTACTGTGATCCCCATTAAAGCGTTCACT   32  
1.33bppt-­‐‑nr-­‐‑3r23   TCCCGAATGCGGTCGTGGAACCCACAAGCTGG   32  
1.33bppt-­‐‑nr-­‐‑5r23   CGCTATCTTTTTATTCTGGGCGCGGCTACTCC   32  
1.33bppt-­‐‑nr-­‐‑7r23   GTGTTTGACCGCCTATGCGCGGGTGGCATCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r25   CGTGCTGCAACTTGTTAACAGCACGCCAGCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r25   GGCGCAGCAAAAACGGACCGCGTTGCGTCTCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r25   TTTTCCGTTCCGAGCTGGAGACAGGCGCACCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r25   ATGGCTGCTGGCCAGAATGCAATAATATCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r25   TATGCCGGCTGAAAAATGGCCGGTTCAACTGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r25   GGATGGTACTCGATGATGAAGATGGGTCGATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r25   GCGCGTACTCACTTAATAGTATTGATAAAGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r25   TGTTCCGTCATAACCATCCGCAGAAGAGGACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r25   CCGGGCCCTCGCTGAGCCGACAGGCTTCGGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r25   GGATGATCTTCAAATCCATGTGGGAAAGGCCC   32  
1.33bppt-­‐‑nr-­‐‑1r25   GTCTTGCGGATAAATTCGCACAGCGGCGGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r25   AAGACCAGGCTGCTCTGAAGGCGGTTTGGTGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r25   TGGCTATTGAACTTCGTCAACGGAGCACCTGG   32  
1.33bppt-­‐‑nr-­‐‑1r4   ACCTATCGATCGTGAGGATGACTGCTGCTGCA   32  
1.33bppt-­‐‑nr-­‐‑3r22   CCATATTCCCAGGGCAATGTTCTGGAGCGTGA   32  
1.33bppt-­‐‑nr-­‐‑5r22   GGAATGGGCTGGTCGTCATACACTAATACAGC   32  
1.33bppt-­‐‑nr-­‐‑7r22   GGTATCTGGCTGGAAACGCAGACCTGCCATCC   32  
1.33bppt-­‐‑nr-­‐‑11r22   CAATCTGCAGTTGTTTTTACGTTAGCGGGTTT   32  
1.33bppt-­‐‑nr-­‐‑13r23   TCCGGTACGGCAGCACCGTCGAGGACTGGATA   32  
1.33bppt-­‐‑nr-­‐‑15r23   GCCGCCAGGCTCAGTAATGTGACGCTTTTGAT   32  
1.33bppt-­‐‑nr-­‐‑17r23   CGCCAGATGGTTCGCCGCGTCGAAAGTACAAT   32  
1.33bppt-­‐‑nr-­‐‑19r23   GGATTACCGAACTGATGGTGGAAGATCGTCAG   32  
1.33bppt-­‐‑nr-­‐‑21r23   CTCAGGAACAGCTCAGCAGTGCAAAACACCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r23   TTTTGTACGGACGAAAACAACAGGGGAAGTTT   32  
1.33bppt-­‐‑nr-­‐‑25r23   ATCCACAGTCAGAAGTGGAACGGCTGCTGGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r23   GCCTGGAAGAATTGTTTATCATAACATATTGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r23   ATCATGCTAGGGTCAAAATATGTAGTTGTTTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r23   TCGCTATTTGGAAAACCGACATGTGCCACAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r23   CCGCCGTTAGTGAATCCCCGCATTGGAGCTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r23   GCTTCCAGGAGCAATCCATTTACGCTTGAGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r23   AGCGGAAAGTGGCTTACCTGACCGCTTATCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r24   GAGAGGATCCCGTGCGGCACTGCAACAGCCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r24   AACTGCCGGGCGCTGGGATATTACGGAACTGC   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑3r24   GACTGGATGAAAGAAGTTCAGGAAGCCGCCTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r24   CCGGCGTCTCGGCGTCATGATGGCAACGATTT   32  
1.33bppt-­‐‑nr-­‐‑1r25   GCTGAACAAAGAAACCTTTACCCATGACGAAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r25   AGCTGGCCTCTGCCGTGCTTAAGGGATGTCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r25   CCTGACGGCAGAGCTGAAAGAGGAGGCGGTGC   32  
1.33bppt-­‐‑nr-­‐‑1r25   CTGGTGCCTCCGCGATATCGCAGTTATCCGGT   32  
1.33bppt-­‐‑nr-­‐‑3r25   GATGAGCGGTATGGTGGCCAGCGGCAGTGGTA   32  
1.33bppt-­‐‑nr-­‐‑5r25   TTTAACATCGGTGTTATCGTTTTCGGTAAAAC   32  
1.33bppt-­‐‑nr-­‐‑7r25   TGACCATCAACATTCCGGTTGTATCGGCGCGA   32  
1.33bppt-­‐‑nr-­‐‑9r25   GGCTGACGAAGCGGCAGGGCTTGCAAGCGGTG   32  
1.33bppt-­‐‑nr-­‐‑11r25   AGGCTCAGTTCTCCTCTGCATCCGGAAACAGT   32  
1.33bppt-­‐‑nr-­‐‑13r25   CCAGCGTGAGTGCTCATGCTGCCCTGGTGGCG   32  
1.33bppt-­‐‑nr-­‐‑15r25   GCGCATCCGCGGCGAAATTCCATTCACTGAAT   32  
1.33bppt-­‐‑nr-­‐‑17r25   GAATGCACCTGGGAAATCGACCTGAAGATATT   32  
1.33bppt-­‐‑nr-­‐‑19r25   TCCCCTGCTCCGTATGTCGCCGGACGCAGTTA   32  
1.33bppt-­‐‑nr-­‐‑21r25   CATGAGACTCCCAGAGTCGCCGGGTGGGTACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r25   GAAGTGAAGTCTGCAAACATCGACGTATGCCG   32  
1.33bppt-­‐‑nr-­‐‑25r25   GTATGGAAACCGTCGGATAAGACGACGGCGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r25   TGCAACTCATTTACAATATCGTCCAAGGGTAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r27   CAGAGTGGGCAGCACCTGACCGCACTGTCAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r27   ATTGAGCATATTGGCCTCAGCATGTTAAGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r27   CAGGCGCTAGGTTCGTCCGGGAACGGTGAATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r27   TGGCAGTAGGAAAACCGGTACAGATGCCGGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r27   GTGCAGCTAGGGCGGCAAAAACGTGTTGCAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r27   TGTTCTTGTTCCGGCAGGTGCGCCCTTGCATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r27   ATGGCATTAATTTATAATCTGCTGTGAAATAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r27   GGTTTTTCTAAAGTCGGTTTTTTTATTTCTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r27   TGTGCAAGCATACTTTCATTTGTACTCCCACC   32  
1.33bppt-­‐‑nr-­‐‑1r27   TGAGGTGCATGCCGAAAGGGATGCTGAGCCGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r27   CTATTCGTTGGTATGGCAAAAAGCGATGGCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r27   CGAAGGAGGAAATTTCATATTGTTAGTGTCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r3   AATGCCTGGAAAGCCGGTGGCCAGCGCCGGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r3   GGGGATGAGATGCAGCCCTGTTGCGTCGGGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r3   TTTTTTCCCGGGAAAGGCTGACCGAACCTGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r3   GACGGCTCTGCAGGCCAGCTTGGGACGACAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r3   CCCGCAGTCATGCGTGATGCACTGTGACGTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r3   TGCCAGCGCAGCATCGTTTAACTTAGCAGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r3   TTTAAGTTGCAAAGCGGTGTCCTATGGTGCTG   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑5r3   GGGAACACGCTGATTTCGATAACCGTGATACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r3   CGTGCATTGTTCTGAGTCATGCGACCGACCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r3   TGGTGTTTGTGTGGCTGGGAAAAATTCCGAAA   32  
1.33bppt-­‐‑nr-­‐‑1r3   TCTGTGCGGTGGAAAGCGAGATGGGGTAAAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r3   GAGCTGGGCCGGGCAGGGGCAGAAGTGCCTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r3   GGAATAATGCGGTCCTGCTGGCATTGAAGAGC   32  
1.33bppt-­‐‑nr-­‐‑1r27   AAATCAACATCGTGCACAGGCTCTTAATAGCT   32  
1.33bppt-­‐‑nr-­‐‑3r27   AAAATCCGCCATGAATGAAGCCGTAGTTTGTG   32  
1.33bppt-­‐‑nr-­‐‑5r27   AGGTCATTTGACGGACGTAACCACCCAACTCG   32  
1.33bppt-­‐‑nr-­‐‑7r27   GTGAATAAAAGCGGGGATTTCCGTTGCTGCAA   32  
1.33bppt-­‐‑nr-­‐‑9r27   CCCCATCTTGGGGGGTCGTTGACGGAGTTCTG   32  
1.33bppt-­‐‑nr-­‐‑11r6   CAGGGGGGTTGGTCGTCCTGATACAAGCGCGG   32  
1.33bppt-­‐‑nr-­‐‑13r24   AATATACAATTGAAGGGCTAAATTTGCCCCAT   32  
1.33bppt-­‐‑nr-­‐‑15r24   GCGCGTTAGGGCCGCCATTGATGCATAACGTC   32  
1.33bppt-­‐‑nr-­‐‑17r24   CATCTCTATCATCTGCGAGGCTGTATTTTATG   32  
1.33bppt-­‐‑nr-­‐‑19r24   ATGTCAGAGCAAGGGTGCCCGTGAGGCTTCGG   32  
1.33bppt-­‐‑nr-­‐‑21r25   TGCTTTCCCCCATACTCTCTAATCCCCAAGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r25   TCCCTTCTCCGGAGCAGGAGGTGATTTCCGGG   32  
1.33bppt-­‐‑nr-­‐‑25r25   CTATTACAACTGTAAGGTCTATCGGGATTTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r25   ACGTATCAGAATCTCTATCTGGATTCACGCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r25   GAGGCCATTCTTCTTCCATATATCCGGATAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r25   CAATTTACGAAATGCGCGTGGGGTAAACCGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r25   CAGCGTTGCGTTATTGGTATGCGGATCCATTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r25   TGCGGGCGAAACAGTGCTACCCGAGTGCCGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r25   AATTTGTGAATGCGATGAACTGCGTTCCCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r25   GAACTATAGGCGCAGAAGGGCTTCCGGACGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r25   AAGCGCATATTAATACGATACCTGGTGATCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r25   ATTGGCACAAACCTCAGCAAGCAGCGAGCCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r25   GACGCTCGGGCTATTTTCAGATAAACCAGCAC   32  
1.33bppt-­‐‑nr-­‐‑1r26   CAGCAGTTTCCGTGGTTGTCATACCTACTGGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r26   GCGTTATCACGATAAACGGTACGCACCCGTAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r26   TAATTTTGTTGAGTTTTGATTTTGCGTTCATC   32  
1.33bppt-­‐‑nr-­‐‑1r27   TGTCACCGGATGACCGGGGAGGATGGCCGGAG   32  
1.33bppt-­‐‑nr-­‐‑3r29   TCTTCTGCGAGTTCAGATAAAATACGTGATAA   32  
1.33bppt-­‐‑nr-­‐‑5r29   TGGCTCACCGTCCGTGGTGGCACAGCGCCGCC   32  
1.33bppt-­‐‑nr-­‐‑7r29   TTGCTTATCTCGTCTATGTATCCATATGAGTG   32  
1.33bppt-­‐‑nr-­‐‑9r29   AGCACGTCAAACGCTTGCTGCAACGCTCAGGG   32  
1.33bppt-­‐‑nr-­‐‑11r29   TTTTCTACTTACAGTATTATGTAGAAAAAGCA   32  
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1.33bppt-­‐‑nr-­‐‑13r29   GAACAAACCACCAAATCGACGAATCTGGAGTC   32  
1.33bppt-­‐‑nr-­‐‑15r29   ACAACCAACAATTTTAACATTTCCCCTTATTT   32  
1.33bppt-­‐‑nr-­‐‑17r29   AGTATGGAGATACGGAAGCAGAAACTGGAAAT   32  
1.33bppt-­‐‑nr-­‐‑19r29   CCTGTCGACTTAACTCTTCATATTACTCTCAT   32  
1.33bppt-­‐‑nr-­‐‑21r29   TGCAACGAATGTGATAACCGTCCTTCTTTAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r29   CTCACTAATGTTTTTATCTCGGAGATAACTGA   32  
1.33bppt-­‐‑nr-­‐‑25r29   ATCTTCAGAGCAAGTGCGATAAATAATTAACT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r5   AAGAACTCACCCCAGGCTTTACACAATTAACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r5   GTGAAGATCCTTTTTGATAATCTCTCGTGCAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r5   ACAGGTTAGGATATCATCAAAGCCGCGCCGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r5   CTTCGCTCTTGCCTGCCCGCATTGGCGAGCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r5   CGTGATGTATGTCAGGTGCGATGACCACAGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r5   TGCCAAAAGACGATGCTAATCCCATGATATTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r5   CCCCTCCAAAACAAAAACGGGGTTAAAGAGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r5   CTATGGGGTGCAATTTGCACACAAGTTGATAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r5   GATTTATAGCAATGCCCGCGCAGACAACGCCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r5   AATCAGCAAATGTATATCGATACCGATGGCTG   32  
1.33bppt-­‐‑nr-­‐‑1r5   TCCAGCTGTTGCCGCGTATTACGCAGTACCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r5   CTGTACGTATTACGACAAAGAAATCGCGAACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r5   ACCTGATGGATGCGGTGTCCGGCGCGCTGGCA   32  
1.33bppt-­‐‑nr-­‐‑1r29   ATAAAGACTACCGAAATATTTGGGGTTCAGAG   32  
1.33bppt-­‐‑nr-­‐‑3r29   TTATCCGGCGTCTCTCAGGAGGGCTTTCAGCC   32  
1.33bppt-­‐‑nr-­‐‑5r29   TCTCGCTTTAGAAATCAATAATCACTCAAATC   32  
1.33bppt-­‐‑nr-­‐‑7r29   CGTTCCGTGGCGATCAAGGCAGAGCGTTGATG   32  
1.33bppt-­‐‑nr-­‐‑9r29   ACTGCTTCAAGGCCGCCTGTGCGGTACACAAC   32  
1.33bppt-­‐‑nr-­‐‑11r8   AACGACGAACGCCTTCATCAGAGAGGAAATCT   32  
1.33bppt-­‐‑nr-­‐‑13r26   CGCCCAACCGATGTGGCCATCGTCGTCAAAAA   32  
1.33bppt-­‐‑nr-­‐‑15r26   GAACTTCCTTGCCCGCGCCGATGACACCATTA   32  
1.33bppt-­‐‑nr-­‐‑17r26   CATCCGGTTGTGGTGAAAATCCCGCAAAATAT   32  
1.33bppt-­‐‑nr-­‐‑19r26   TGAGCGGACAGCTTCACGCTGGCGCTGCTGGC   32  
1.33bppt-­‐‑nr-­‐‑21r27   CTGACGGGAACCGACAGATGTATGAAAGATTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r27   GTGGTTTAGGAAGTGCTTACCACCAACGTGGT   32  
1.33bppt-­‐‑nr-­‐‑25r27   GTACCGGCCGCCATGCGTATGCTGCTTGCAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r27   CGGGCAAAGATTAAGGCAGAGGCTCTGCGCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r27   GGATGATTGACTGACCGGCAGGCAGAACAGTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r27   TGGCGATAGATGCGTGATGGTGGCTCCGCTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r27   TGGATTTGCCGCCATTCTCGCGGCAGTAGCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r27   AAAGTGAATTGAGCAGTGCAGCGAGTCCACGC   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑7r27   CGACGGAAGGGCTGTATCAGGTGCTGCTGTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r27   TGTTTTGGAGGAGATCAGCACGGCGATTGGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r27   GCTGATGCGCGTGCAGGTGGACTCTAATTATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r27   ATCTGCGCATGTTATTGAAATCTGTGGTCGTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r27   GAAGTAATTTTGACGTGGTTTGATATAATCAT   32  
1.33bppt-­‐‑nr-­‐‑1r28   TGCTGGCGTTGCCGTTTATGACCCAAAGCAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r28   TTGCGGATTCGTCGGGGACATTGTGCGTGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r28   GCAGTGTGAGCCTGCGTGGACGTTAAATCAGT   32  
1.33bppt-­‐‑nr-­‐‑1r29   AAGCAGGTGAAGAAATCAGCCGGCGCCCTTGT   32  
1.33bppt-­‐‑nr-­‐‑3r31   GACTGATGGGTGGTAATGGATGAACACTGACC   32  
1.33bppt-­‐‑nr-­‐‑5r31   CTGGTTAGACAACCCAAACTGAGCCAGTAGCC   32  
1.33bppt-­‐‑nr-­‐‑7r31   GGAACGCCGCTCACAGTCTGAGCGACACAAGT   32  
1.33bppt-­‐‑nr-­‐‑9r31   GGTTTAAGGGGAGGCGGAAGAAACGCATATTG   32  
1.33bppt-­‐‑nr-­‐‑11r31   CGCCGCTTCTGCAAGCTTGGCTGTATTTTTAG   32  
1.33bppt-­‐‑nr-­‐‑13r31   GCTTATCTCCCATGGTTTTTTAGTGCTAGATG   32  
1.33bppt-­‐‑nr-­‐‑15r31   TATCACTTGCGCTGGATGAACTGAAGTCAGGT   32  
1.33bppt-­‐‑nr-­‐‑17r31   ACTTATTGGTTGGTCACTTCGACGCGGCGAGC   32  
1.33bppt-­‐‑nr-­‐‑19r31   TAACAGGCTCTTAAATTTGGCGACCCGGATGA   32  
1.33bppt-­‐‑nr-­‐‑21r31   CTCATGCATCTGTTTTAACAACATATCATAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r31   GGCGAACGAGCTGGACCGCTACGAACAAGAAA   32  
1.33bppt-­‐‑nr-­‐‑25r31   ACACTGGCTAAACGGGTGGCAACAAAGCGCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r7   CAGCAACCTATCCTGGCTGGATGCTTCAGTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r7   TCAGGAAGGAAGCCGGACTGAGTAGAACTGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r7   GTGCAGGTTGCTGCGCTGGAGAAAGGCTGCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r7   GTAACCCGCAACAGTGACCCGGCTGCCGCCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r7   CGCATCATCCGGTGAAGCCTTCGATCTCCGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r7   CGCTGGGTTGAAACTGCCGGTCAGCCGTTGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r7   AACCTCAGCCCGTGAGACAAAGGTAGAGCTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r7   ATGCGTGGCGACGATGATGCGGGCCTGCGGAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r7   ACGTTTCTATTATCTGTGGCTAGACCAACACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r7   AAAACAAATTGCTGCGGTTGCAGATATGCATC   32  
1.33bppt-­‐‑nr-­‐‑1r7   CGCTGGATTGGCCCGGACGGGAATAGTCACTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r7   AGCGCACTAGGTCGCTGAAGCCTTAAAAGGAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r7   TATGAAGCCAGAACTCCGGACGCTGGAGTATC   32  
1.33bppt-­‐‑nr-­‐‑1r31   GGCAGCGCTTACGGGAACCGGCGGGGTGAACT   32  
1.33bppt-­‐‑nr-­‐‑3r31   GATGCAGGGAACGTTATTTTTTCTGCGGCTTC   32  
1.33bppt-­‐‑nr-­‐‑5r31   GTGGTAAGAGAAATGCAGGGTGAGGGGCGGGA   32  
1.33bppt-­‐‑nr-­‐‑7r31   CGTCAGCAGTATTCCAGATTGTCCGGATTTGA   32  
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1.33bppt-­‐‑nr-­‐‑9r31   ATCCTCCGTTCGGTGTACAGGCACGTGCTCAG   32  
1.33bppt-­‐‑nr-­‐‑11r10   CGATTTCTAGTAATGTGGTGATGCGAGGCCAT   32  
1.33bppt-­‐‑nr-­‐‑13r28   CAGTCTGTACGCGGGATGTTCATTACAGGGAA   32  
1.33bppt-­‐‑nr-­‐‑15r28   CGTGGATAAGCGGGGAATATCAGGGATGCCAG   32  
1.33bppt-­‐‑nr-­‐‑17r28   TGATAAGTGGCAAACTGAGCCAGTACGTTTGC   32  
1.33bppt-­‐‑nr-­‐‑19r28   CAGCGATGAAACAGTGAGAGGTGAAGCCCGCC   32  
1.33bppt-­‐‑nr-­‐‑21r29   GGAACCGGTGAAAGCCAGACGTAACAAAATCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r29   TCAGAAACGGTCATCTGAAACAGCGGTTGGCA   32  
1.33bppt-­‐‑nr-­‐‑25r29   GGGATATTAGATATCGTTCCGTCTCAAAAACA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r29   TTGCATTTTTTATTGGTGAAGGTGTCACCGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r29   AATTGCTTACTATTTTCCATGAAAATAATAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r29   TGATTCAGTTTTCTTCAATGTAAGCATATTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r29   TGCCCGTTAAAGCTGCGCCGGGAGGTGATGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r29   GAGAACTTTCACCATGAAGCGTTTCGAAAATT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r29   TGCAGATAAAATTTTGGCTGCATCGCTGAAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r29   CACGCTCGATGGGGGCCGGGTGAGAGCCTGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r29   GGAAGAGGCGAAGGGTGGAGTTTATTTCCGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r29   CACAGTTCGGATACCCCGTGAGTTCCGCGTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r29   TGACGTTAGCGCAAAACGCGGTGATAAAACCG   32  
1.33bppt-­‐‑nr-­‐‑1r30   GTATGGGCACGCTGATTTACAGCGATCGTCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r30   ATGCAGGGCCCGGCGGATTGAGTGGATCCGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r30   GAATCTGGTATGGGCCGCAGTGAGAGTCCATG   32  
1.33bppt-­‐‑nr-­‐‑3r4   ACGAAAGACGGGAAAATGTGCTGAGGATGTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r4   GGCCATAAAAAGGAAAGGGCCAGGAAGTTTTC   32  
1.33bppt-­‐‑nr-­‐‑7r4   CTGCCTGCGATCTGACTTATGTCAGGCGTAAC   32  
1.33bppt-­‐‑nr-­‐‑9r4   GTGATTTCGAGACGTTGTGACGTTAATCATTC   32  
1.33bppt-­‐‑nr-­‐‑1r29   CGACAAGACAGTTAATCCGGAGAGCCGTGCTC   32  
1.33bppt-­‐‑nr-­‐‑3r29   AGCCTGTTTCCCCGGATGTGGCGGGCGGCAGG   32  
1.33bppt-­‐‑nr-­‐‑5r29   GCTGACGTAGACCCGACGTCGGGGGCGGATTA   32  
1.33bppt-­‐‑nr-­‐‑7r29   CAACACGCAGCAAATGAGAAAATCCTGCTTAA   32  
1.33bppt-­‐‑nr-­‐‑9r29   GCAGGCAAGGGGATTGTTCACCGTGTGTTGAG   32  
1.33bppt-­‐‑nr-­‐‑11r29   TTCAGCGCAAAAAGGTGAGCCGGTCACGCCCG   32  
1.33bppt-­‐‑nr-­‐‑13r29   GCGATGTGCACAGCCACCCCGGTGGAGCGACG   32  
1.33bppt-­‐‑nr-­‐‑15r29   GCTGGTATTTGCCGGATCATTCTTGGCTGGTG   32  
1.33bppt-­‐‑nr-­‐‑17r29   AGCAGGAGCAAAGGGTGACAGGAAGTACCTGA   32  
1.33bppt-­‐‑nr-­‐‑19r29   CCACACAGCGTTCCGCTACAGCTTCATCACCG   32  
1.33bppt-­‐‑nr-­‐‑21r30   AAACTATTTTGATGTATATGCTCTCGAGTATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r30   CCGTGCAGACACACCGAAGGTGGTCAGACTGG   32  
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1.33bppt-­‐‑nr-­‐‑25r30   AGGAGTTTATCGTATCGCATTTATCACACGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r31   ATTCGGCATGTATTGCCGTTGCTGTCTGATTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r33   GCCAGGTAGGTGAACACGGTGGGCGCACGAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r33   TGCGGTGGCTCTGCCGCGGCAGACATGATGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r33   GCCAGCCTCAGGGGCAGGCGTTTGTTAACGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r33   GCGGGTAACTCATACCGGTCTGCCTTCTATGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r33   CTCAATTGTATTTGAATCAATTCCCGTATTAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r33   CGACCCATCCTTTGCCTCGCTATAGTTGAATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r33   CGTACCATCAGGCCAGCGAGGCAGCGCAACAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r33   CCTTATCTCTTCTGGTGCCTGGGCGTAAACAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r33   GGAAGGAACCCAATTCCAGAAACGACTCCTGC   32  
1.33bppt-­‐‑nr-­‐‑1r33   ATACGGGAGACCGGCAGATTATTACTGGCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r33   TGGATCTCCTGACCTGAAAAAATAAGGCCACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r33   TGGGATACCTCGTTCATTCACGTTTTCTGTGC   32  
1.33bppt-­‐‑nr-­‐‑1r33   TGGCTGGATTTTGCCCAGCAGGTCTGCGCTGA   32  
1.33bppt-­‐‑nr-­‐‑3r12   CATCATCGATGGCAACCCCTACAGAGTGCACA   32  
1.33bppt-­‐‑nr-­‐‑5r30   GGCGCGCATGACCCCGCTGATGCTGCAGATGA   32  
1.33bppt-­‐‑nr-­‐‑7r30   CCCTGCGTCAGTCCGGCGGCACGGGCCCTTCG   32  
1.33bppt-­‐‑nr-­‐‑9r30   GGGCCATTAGGTGGGATCAGCGCACGCCTGCC   32  
1.33bppt-­‐‑nr-­‐‑11r30   GTTAACCGGTCAAAAATCCGCAGGAGCGATAC   32  
1.33bppt-­‐‑nr-­‐‑13r31   CTGGCAGGGAGGACGCTATGCCTGCACCACGC   32  
1.33bppt-­‐‑nr-­‐‑15r31   TTTAGCAAACAATTCACAGTCTAACCCTGGTG   32  
1.33bppt-­‐‑nr-­‐‑17r31   TGACCGTGAAAACCGAATCATTTGCTGGATAT   32  
1.33bppt-­‐‑nr-­‐‑19r31   GCACTTTTACGTAATGCTGATGACTCGTATGC   32  
1.33bppt-­‐‑nr-­‐‑21r31   TGGTCCTGCGCCAGTTCCATAACGCAAGGCAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r31   TGAAAGACGATTTGTGGAAGGCGGCCGTTCCG   32  
1.33bppt-­‐‑nr-­‐‑25r31   TGCTGTCCACGAAGGAGGCAACCAGCAAAATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r31   GTCGTCGCACAGTATCAGCCGTATCATGACAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r31   AGACAGAAGTGAGGCCGACCGGCGCCACACAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r31   CTCCCGGCCCTTGCAGCATGGGGGCCAACATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r31   TCCGGTGTCCTGCTGGTTCAGATAGCGGCACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r31   GAGCCGCGCCGCCATAATGCCGTTGTATCCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r31   GTTGACTGTCTCCGACGGCAGGCTAACAAAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r32   GAGAACGACCTGCTCCGTCTGACCAAAAAGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r32   GAGCTGACGAATGAAACGCCGATGGAAACGTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r32   ATCCTGACCGGTGACAGTCACTCCGACGGATT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r6   CATCGTTGGAAGCCGGGCGTTACAGGCCACGA   32  
1.33bppt-­‐‑nr-­‐‑1r6   AAGCGTCAGCGGGGAGTGCGTCAAGCGAAAAA   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑21r6   TAAATTACCAAAACTTGCTGTCGCAGTATTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r6   TTCACACGTATTGCACCGCCAGATGCGATTAT   32  
1.33bppt-­‐‑nr-­‐‑1r31   TATCTTCATTCATCTATAATTGGCCTAAGGCA   32  
1.33bppt-­‐‑nr-­‐‑3r31   TGTAATAATTGTTTTTCTATCGTAGGCTGGCT   32  
1.33bppt-­‐‑nr-­‐‑5r31   GCAGCTGGCTATTGAGTACGAACGTGTTTATG   32  
1.33bppt-­‐‑nr-­‐‑7r31   CCTACTTTAACTACCGTGAAAAGTGAAAGGGG   32  
1.33bppt-­‐‑nr-­‐‑9r31   GAGAGAGGATGGTTTCCTTTGGTGATGTTCAT   32  
1.33bppt-­‐‑nr-­‐‑11r31   ATTGTCAAATGAACAGACGCTGCTCGCTGGCG   32  
1.33bppt-­‐‑nr-­‐‑13r31   GCGCTGCGAGTGCAGACCGGCATGATGCACGC   32  
1.33bppt-­‐‑nr-­‐‑15r31   CTTTAACGGACGGGCAGACTCGCGTTCGTCGC   32  
1.33bppt-­‐‑nr-­‐‑17r31   ATCCCGTCCGCCGTGCAGCCGGTCGCCCGGCG   32  
1.33bppt-­‐‑nr-­‐‑19r31   GGATGGTGCGTCCGGGAGACACTGGGCCCGCC   32  
1.33bppt-­‐‑nr-­‐‑21r32   GCATTCTGTAAGCTGGTTGCGTGGGATATGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r32   AAGCCGAAACAAGTCCACGTATGAAGTTCGTG   32  
1.33bppt-­‐‑nr-­‐‑25r32   TCCGTACATCTGGATACGTCTGAAAGTTGTCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r33   TCTCTGGCACCGGGGGGATTTGCCCGGCGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r35   AATACACGTGCCGGTGAAAGGTGCCTGCCAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r35   GGATATTTATCGAATATTTCTTTAGTGAAGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r35   ACCTCGGTCCGTCACGCTTTCTGATTACAGTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r35   CCCATTATCGCAGGAGGAGTCCGGTTTCCGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r35   AATCAGGCTTGCGTATGTTGCTCAAGAAATAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r35   ACCGCCCGTACTGGAGGAGGCGGCCCGGCAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r35   GAGCAGAAGGAATCTTTACCGGCTTTATGAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r35   GGCGGCAGGGTTTTGAACTGAATGCTTTCCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r35   TAACAAACTGATTTGCCGTGGTGGAAAACGGG   32  
1.33bppt-­‐‑nr-­‐‑1r35   GGCTGAAGGGTGGTATGACCGGCAAGTACGCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r35   GGTGCTGGTGGGTGACGGAAAAAGTACTGCGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r35   CCAGTCAGGACCCGAACAACGGCTACGCTGCG   32  
1.33bppt-­‐‑nr-­‐‑1r35   CGATAATAGAGAAATTCCCGGACCGTTTTTGT   32  
1.33bppt-­‐‑nr-­‐‑3r14   CCAGCGACGGCAGTGAGCGGCTGGACCGAATC   32  
1.33bppt-­‐‑nr-­‐‑5r32   CCATCTCGAACCAGATATTCATGATCCCGTAT   32  
1.33bppt-­‐‑nr-­‐‑7r32   TGTTGACATGGACATGGTACGTTTTGAAGGCT   32  
1.33bppt-­‐‑nr-­‐‑9r32   CCGGCAGTACGGTCAGTACAGTGTAACAATCA   32  
1.33bppt-­‐‑nr-­‐‑11r32   GCCGCCACCGACAGAGGCTGCGGGGACACTGA   32  
1.33bppt-­‐‑nr-­‐‑13r33   CGGCGCTGGCTTCCTGATATGCGAGGTTGTTA   32  
1.33bppt-­‐‑nr-­‐‑15r33   TCGGTGCTGTGGCTGTTTTCAACATATATTGT   32  
1.33bppt-­‐‑nr-­‐‑17r33   AAAGCTGATTATTGGAGTAGATGCCAGCAGTT   32  
1.33bppt-­‐‑nr-­‐‑19r33   ATACATTCGCCCAAGCCATTAATGCGCAGACA   32  
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1.33bppt-­‐‑nr-­‐‑21r33   CCGTGGAATGCGCAGGCCGACGCACCCGTGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r33   GGTTATTCGTTATGATGAACTTGCGGGTGCAG   32  
1.33bppt-­‐‑nr-­‐‑25r33   GAAGCCATTGCAGCGTGTTTTTAACCAAAAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r33   GTCGCCAGTGTGTTTACCGCAGCACCTGTTCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r33   GGTACAGCAATCAAACGCGCACTATAAGGAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r33   GTGCTGCTCCAGCCAGAAAACGACAAGCCGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r33   CTCTGGCGTACTTACATATGGTTCAGTTTAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r33   CTAATTCGCAGAATGCAGAATCACTATTTTAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r33   TTTTCATTATAACATCGTCTTTGGAAATTCCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r34   CACACACCTCTGGTCAAATTATATTATATCAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r34   GCATGTTTATAATATTGAGATAAATTTCGTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r34   GAAGTTTTCATATTTCCCATCTTCCATGTGTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r8   AGCGATTCTGATCCATTCTTTGGGAATCTGGT   32  
1.33bppt-­‐‑nr-­‐‑1r8   GGGAACAGTAAATCCGGCATGTACCGATGCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r8   CGGAGTAGGGCCGTTGCCGTCACTAAATATCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r8   CCCTGAACAGTACGCTACGGCAAACTTTGTAA   32  
1.33bppt-­‐‑nr-­‐‑1r33   TCTTTTTGTCTTGTTCGATTAACTTCCGACAA   32  
1.33bppt-­‐‑nr-­‐‑3r33   CTTTACCCTTCTTTCAGTTCTTCAACGCCCAA   32  
1.33bppt-­‐‑nr-­‐‑5r33   AAACTGCGTGGTGATGATTCTGCTTCCAAACT   32  
1.33bppt-­‐‑nr-­‐‑7r33   ATTGTAGTAGGTCGTAGTGGGTGGTTGCAGAC   32  
1.33bppt-­‐‑nr-­‐‑9r33   CTTTGGGAGATTTGGCCATACTACGGCATCGT   32  
1.33bppt-­‐‑nr-­‐‑11r33   TCGCTTTTTGCAGATGAACCTCTGAAATATCC   32  
1.33bppt-­‐‑nr-­‐‑13r33   TATAATAGGACCTTTCTCTCCCATCATTATCA   32  
1.33bppt-­‐‑nr-­‐‑15r33   GAACTGAGTCGCCGCAGCCGAACGTTCAAATC   32  
1.33bppt-­‐‑nr-­‐‑17r33   AAAACTTCATTTTTAATTTAAAAGCCTACACC   32  
1.33bppt-­‐‑nr-­‐‑19r33   CAAAGGATATCCCATGTGCGTGACGAAACGCA   32  
1.33bppt-­‐‑nr-­‐‑21r34   AAGATGAGGTTGTTCCTAACCTTGATGGGAAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r34   ACATGCCGCCTGTATCAGAACATGGGGAAGGA   32  
1.33bppt-­‐‑nr-­‐‑25r34   GGGCGCAGCCGGATGCTGCAATTCCGCCAACA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r35   TATCTAACACGAGGCTCTACGAATGCTTATTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r37   ATGTTATGTGCTTACCCATCTCTCGGGATAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r37   ACCTGCCTGTGGCTCTATCTGAACCATTTACT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r37   TCGCACTTATGCATATATGAATGACTTTGCCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r37   TTAATGAGTAAGTAACTAGATAAGATCCGGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r37   TCAGAGTCTTCTTCAGGCTTAACCTGAATATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r37   GGCCCCGTAGTATGTCGATAAGGCGTCGGTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r37   GACGATGCGCTCAAAGTCCATGCCTTTTTGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r37   AGGCCGGGAGAGCAGGCGGTACGCTCAGTTCT   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑1r37   ATCCTCCTTATCCGGAAACTGCTGTAACAGAA   32  
1.33bppt-­‐‑nr-­‐‑1r37   ACCGGATCCCAGGTCACCAGTGCAAGTTCCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r37   GCGATTCGACGTCTGCATGTGCTAGACAAGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r37   GCTTATCTAGGTATTCGTCAGCCGCAGTGATT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r5   ATTAGTAGACTGGATTGCGAGGCTAACTTATC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r5   ACGAAACTTTTAAGAAGGTTATGTATCTAAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r5   TGTACTTTCTAATGACTTTTCGCCTGCACTAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r5   TTTTCCAACGATGGAACTAAATTATTTTTCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r5   ACAGCCCATCAGTGAGCGAGGAAGCATAACTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r5   GGACAGCCCCAAAGGAGATTATGTTAATCTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r5   CCGGTTTGTGGTAATAGGCCAGTCCGGAGCTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r5   GACCGTGAACTGATGCGGAATTACGTGTATTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r5   GACTATCAGGGGGACAGCAGAAGATTAACTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r5   ATACGTTATAACAAAATCGCAATGTTACGCCA   32  
1.33bppt-­‐‑nr-­‐‑1r5   AAACCATTAAAGGTTCTAAGCTCATTGTGCTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r5   TACTCCTGTAATGACATTCCTTTCTCGCATAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r5   CGCGATTGTGCCGATGGCGATAGTCGCATAAT   32  
1.33bppt-­‐‑nr-­‐‑1r37   CTTTTAAGCTTAATTTTCTGGCGTAAACCCCC   32  
1.33bppt-­‐‑nr-­‐‑3r37   TAATACAGAGCTTGCATCCATTGCGACTTCTG   32  
1.33bppt-­‐‑nr-­‐‑5r37   CATCAAACGTAATTTACGGGTGATACAGCATT   32  
1.33bppt-­‐‑nr-­‐‑7r37   AGCTTTTATTCATTGATGATGCGGAACATCGT   32  
1.33bppt-­‐‑nr-­‐‑9r37   CTGTGCTTTAGATGATCGGGGATTAATCCAAG   32  
1.33bppt-­‐‑nr-­‐‑11r16   TCGAACCTTTTCAGAATTAGCCTGGCCAGCCG   32  
1.33bppt-­‐‑nr-­‐‑13r34   CACCTTCGAGTCTTCCCAGGATGGCGCTCACT   32  
1.33bppt-­‐‑nr-­‐‑15r34   CTCAATGTTCCAGTGGTCGTAGCATACATAAA   32  
1.33bppt-­‐‑nr-­‐‑17r34   TATGCCCGTTACCTCTGATTTTGCGAAAATAA   32  
1.33bppt-­‐‑nr-­‐‑19r34   ACTCTCTAGTGCGACAGGTTTGATGTCCGACT   32  
1.33bppt-­‐‑nr-­‐‑21r35   TTAGGAGGAATTTGCTGAGATTAATTTAAGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r35   AAGTTCTCTCTTGTGATAGTAAATGTTGTTCT   32  
1.33bppt-­‐‑nr-­‐‑25r35   TCCGAGTTAATTCAGGATAATGTGTTCGCTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r35   AGCGGTCGTACGCAAACCGCCTCTAAAAATCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r35   CGTATTGCCGCTGGACGGTATCGCGTGGCGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r35   TCGAAGGTTGTAGGCGAATTTGCGCCGCTCAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r35   GAAAAACAATGAGCTTGTCCATATTCTGGTTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r35   AATGTGGCGTGGATGTTTGACATGGGATCTAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r35   CTCTTGTGACAGCGGAAGCTGTGGAGGAGCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r35   CCCTTTATGCCTGAACATGAGAAATCAAGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r35   AAACACCAGTCAGATCGGATGTGGTTATCTTT   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑3r35   GTGGCAGTGCTTATGCTGGAAAGATACTATGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r35   GTATATGACCGCGTTCGCCAGGCTGGTGGTGT   32  
1.33bppt-­‐‑nr-­‐‑1r36   CATGTTGCCACACCATTGATTTTTAGAACCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r36   TCTGCCATTTCGGAAGGGCAGCCAAAGCAGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r36   GCTCTGCGCCCACCACCGGAACGAGGATGTGT   32  
1.33bppt-­‐‑nr-­‐‑1r37   CTCGTTTACGGAAGTGAATTCAAACACCTTCT   32  
1.33bppt-­‐‑nr-­‐‑3r39   ACGCAGTGAAGGGCGTTTTCCTGCTACAGCCC   32  
1.33bppt-­‐‑nr-­‐‑5r39   GACTCTATTGGTTTCCGTCTTCACGCCGCTTC   32  
1.33bppt-­‐‑nr-­‐‑7r39   TCAGAGGCCGCTTCGATAACTCTGTGTATGCC   32  
1.33bppt-­‐‑nr-­‐‑9r39   TCACGATAGACATGGTTTGTTGTTTCTCGCTG   32  
1.33bppt-­‐‑nr-­‐‑11r39   TGGCGGCACAAGAAGACAAAAATCCTCTGTCA   32  
1.33bppt-­‐‑nr-­‐‑13r39   TTGTGTACTTTCACCTAAGGAAAAAATTTATT   32  
1.33bppt-­‐‑nr-­‐‑15r39   CCTTCCGACCAGAGCTCATTCGAATAAAAGTA   32  
1.33bppt-­‐‑nr-­‐‑17r39   CCACTAGTGATCTATATTTTTTGTGCATCATA   32  
1.33bppt-­‐‑nr-­‐‑19r39   GACTCAAGGATTCATTAATGCAGCCGGGGGAT   32  
1.33bppt-­‐‑nr-­‐‑21r39   AAATCCCTTAACGTGAGTTTTCGTTAAGGCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r39   AAGTTGTGAAATGATTATCAAGCCTGTTACCA   32  
1.33bppt-­‐‑nr-­‐‑25r39   GCTAAAATATACAGGCATTCGGTATGTCAGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r7   AACACAGACCGTGGTGAGGCGATCAGGCCGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r7   CGGCAGAGCCATCAGCCAGAAAACACCTGACA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r7   TTGCTTTAAGATCAGCAGGTGGAACTCAACTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r7   AAACAGACACTCACTTCTAAGTGATTCATAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r7   CTTACGATTTCTGGCAAAACCAATATTAAGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r7   GGATTCTCAAAAACAAAGCTCCAAAGCAAATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r7   TGTTCAGTGCTGATTCTTGCGCTCATCCATCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r7   TTTAAGTCCATACGGATAGTCCTGCGGACGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r7   AGCAATGGGCAATGGCATATTGCACATATGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r7   GATAATGTCAGGAAAGGCGTAAATTGGTGGTG   32  
1.33bppt-­‐‑nr-­‐‑1r7   CTCAACAGGTTCTCGTACTGTTTTCGCTGCAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r7   AGTCGTCACAAGTCCCATGTCGGCGTTCTTAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r7   CTTATAAACCAGTTTAGCAATACGAAATCCCC   32  
1.33bppt-­‐‑nr-­‐‑1r39   GTAACGGATTCCATTCTCCTGTGATCATTAGA   32  
1.33bppt-­‐‑nr-­‐‑3r39   TTCAATTTATTGCCTCTCGGAATGAATGTAAC   32  
1.33bppt-­‐‑nr-­‐‑5r39   CTTAATTTTCTGTTACAGGTCACTTATTTGAT   32  
1.33bppt-­‐‑nr-­‐‑7r39   TGGCAGCATTGACTGAATTTTTTATAGTAACC   32  
1.33bppt-­‐‑nr-­‐‑9r39   GAAATTATTATTGTCATAAAACAAACTATTGC   32  
1.33bppt-­‐‑nr-­‐‑11r18   CTTGATATACAAAATGGACATTTTTGAGTAAT   32  
1.33bppt-­‐‑nr-­‐‑13r36   CAGTGGCGCCCGACTGGAAAGCGGTCGATAAG   32  
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1.33bppt-­‐‑nr-­‐‑15r36   AGCGTCAGACCCCGTAGAAAAGATCCGGGTTG   32  
1.33bppt-­‐‑nr-­‐‑17r36   CGTTGGTGGGATGCCTACCGCAAGCAGCTTGG   32  
1.33bppt-­‐‑nr-­‐‑19r36   CAAACGCTTACTGACTCGATTGGTTAAAGTAA   32  
1.33bppt-­‐‑nr-­‐‑21r37   TCAGCCAGCTGCATTCTGCGGTAACCCGTTCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r37   TCATACGCAGGCGCGGACACGTTCAAGAACTT   32  
1.33bppt-­‐‑nr-­‐‑25r37   ACTGGCTGTATCAGAGCGTGGAAATAATGACA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r37   AAAGAGATTCATGGTTCATCGCGGGGCCATCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r37   AAACCATAGGAAGCAGTAGACGAACCCGGACA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r37   CCCGCAGTAGATTCGAAAACTCGCTGTTTATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r37   GCTGCGCATGGAAGTTCACGTGTGGAGATGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r37   GCATGTGCGAACTGATGAGCGATCCAGAAAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r37   AGATATCTCGGCTAAAGCCAAAGCTGGCGCTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r37   AACCGAAGTGCTGAACTGTCAGACCAGAAGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r37   CAGTACAGCACATCAGCAAAACGCAACCGCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r37   ATCTCCAGCAAATCCTTCCAGACCAGCTGATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r37   CAGAATCGGCAGGAATGCGCGTAGCAGATTTG   32  
1.33bppt-­‐‑nr-­‐‑1r38   GGTAAGACAATAGAGCAAATCCCCGTCCTTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r38   AGGTTAACACCATTTCTGCCATCAGAAATTCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r38   AATGGTGCTTGGACCAAATAAAAAGCTGCAGG   32  
1.33bppt-­‐‑nr-­‐‑1r39   CGGCATGTATCCCTCAAAACGAGGGATGGAAC   32  
1.33bppt-­‐‑nr-­‐‑3r41   GTTTATGCTTAACTATAAACGCTGATGTGCTG   32  
1.33bppt-­‐‑nr-­‐‑5r41   AGATTTTTGGAAGAGGTAAAGCCCCAGCAAGG   32  
1.33bppt-­‐‑nr-­‐‑7r41   CCTGATCATTGTAAAAACACCTGACAGAGTGT   32  
1.33bppt-­‐‑nr-­‐‑9r41   TTTAGTGGGTTTCTTGAAGGTAAAAGGCCGAA   32  
1.33bppt-­‐‑nr-­‐‑11r41   AACCTTTTCGGGTTAAAAATAATAGATCGTCA   32  
1.33bppt-­‐‑nr-­‐‑13r41   TGAGGTGATTATATCCCTTTTAAAACTGTGGG   32  
1.33bppt-­‐‑nr-­‐‑15r41   TTTATTTTTTATCTGTATGTTTTTGCCATTCA   32  
1.33bppt-­‐‑nr-­‐‑17r41   GCAGATGGTTGCAGGGGGGCATTGCTGAAAAT   32  
1.33bppt-­‐‑nr-­‐‑19r41   GAAGGCAGATGGTTTTGTGCGCAGGGCCAGCG   32  
1.33bppt-­‐‑nr-­‐‑21r41   AGCAATCTGAAGTATGTGGTTACATTATCACC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r41   GAGCGACAACAAGTCGGCTCCTGTGAGCCGGA   32  
1.33bppt-­‐‑nr-­‐‑25r41   TAATCAGATTGCTCCGTGTATTCATACAGAAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r9   GGCTGATTGAAAATATCGCCCGCGTGTAATTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r9   ATAGCTGTAGGAAAACAGGAAAGGATTTCCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r9   GGCCAGACGTCATAGATACCAGCACACCCGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r9   TCATCCTTGGGCACACTGAATCATCTCCTGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r9   TCACGCTTTCAATCACGACATAATGTTCGTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r9   ACCAAATGGAATACCGGAAGCAGACTCGTAAT   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑23r9   CATCCCGCCATACGCGGGTCATAGGCTCGGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r9   GCTTGAGGAATCCCTGAACTGTTGCACGCCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r9   CTTTCATTGTGAATGCGAATAATAGTACTTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r9   TCAGCATTATCGCTGTGAAGACGAACATTATG   32  
1.33bppt-­‐‑nr-­‐‑1r9   ACTCTGGCTTCACAAGCGTTATCTTCTGCCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r9   CCTTAACCCGTGGAACAGATACTCCTGAGTGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r9   CGCTGATTGGAGGTGGGAATATCCCACTACAG   32  
1.33bppt-­‐‑nr-­‐‑1r41   GAGCATCAGTGTTTCCTTCATTGACTGAAAGA   32  
1.33bppt-­‐‑nr-­‐‑3r41   TTTATCAAATATGCAATGCTGTTGACCTTTAC   32  
1.33bppt-­‐‑nr-­‐‑5r41   TTCGTAGCATAAGCCGATAGATAGGCAGAAAA   32  
1.33bppt-­‐‑nr-­‐‑7r41   AAGTACTACATTTTTCATAAGTGTTCTTTGCA   32  
1.33bppt-­‐‑nr-­‐‑9r41   TCACTGAAGTCACCTCAAAAGGTAGTGAGAAT   32  
1.33bppt-­‐‑nr-­‐‑11r20   AATTAACCTCCGGGAGCACTTTTTAGCGTTTC   32  
1.33bppt-­‐‑nr-­‐‑13r38   ACGGATAACTCACCGAATGTCTCAACCACGGA   32  
1.33bppt-­‐‑nr-­‐‑15r38   CCTAAGTTTATTTATTGCTTCTCTGGGCATAG   32  
1.33bppt-­‐‑nr-­‐‑17r38   TGTTTGTCAGCTTGAAATGATGAATGCTGTTG   32  
1.33bppt-­‐‑nr-­‐‑19r38   TATTTAATTTCCTGCCTCCAGTTCTTAAAACA   32  
1.33bppt-­‐‑nr-­‐‑21r39   TGTGATGCACCTCTGACTTGAGCGTATACCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r39   GTTTCGCCTCGTCAGGGGGGCGGAGTTAGCAA   32  
1.33bppt-­‐‑nr-­‐‑25r39   GATGGTAAGCCCTCCCGTATCGTACCTGTCGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r39   GAGATGAAGGTTAATTCGCTCGTTCCGTCATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r39   CTATTCAAGTGCGGAAGATGCAAACTGGCGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r39   GAACATCCGTACGAGCTAAAAGATTGTCTCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r39   CGCAACAGAGTGGTCAGACGAAGCCAGGTTGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r39   GACAGCCACAACTTCCTGTCATGGCTAACAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r39   TTATGACAGGGCTAACGATATCCGGCAGGCGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r39   AAGCCAAGAAAGTTCTCAATGCTGAGGAGTCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r39   TGATGATTCGCTTCATACATCTCGCCTGGGAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r39   AATGTAGTAAACAAAAAAGATGGGCCTGCAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r39   CGTTCGCGGGGCATAGACAATAACACACCAGG   32  
1.33bppt-­‐‑nr-­‐‑1r40   GAAATGGAGCTTTCAATCTGTTTGCTGCGCGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r40   CCAGTCGAATCCTGAGGATGCTCTTGAGTATA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r40   ATACCTCTTTATACATAACGAAAACCATCATT   32  
1.33bppt-­‐‑nr-­‐‑3r6   CAGCTCTCATTAAGGCCGTACTGGTTCGTTTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r6   GGCTATGTTTAGCGTTAACTTCCGCTGTTCGA   32  
1.33bppt-­‐‑nr-­‐‑7r6   AATTCATGGAATATGAAGCCCGCTTTGAGCAA   32  
1.33bppt-­‐‑nr-­‐‑9r6   CATTGCAGGATAACACCTTCGTAAGTGTTACC   32  
1.33bppt-­‐‑nr-­‐‑1r39   TTTTTCGTATCATCTCCATAAAACTTCTCGCA   32  
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1.33bppt-­‐‑nr-­‐‑3r39   ACTATCAGATCTGATTAACTTGGCGCCAGGAT   32  
1.33bppt-­‐‑nr-­‐‑5r39   CAATAACAGTTGATTCATAGTGACAACAGGTC   32  
1.33bppt-­‐‑nr-­‐‑7r39   CGGAGATCGTGCTTACTTCTTCTTGCCTCTTT   32  
1.33bppt-­‐‑nr-­‐‑9r39   CTTTCTGCATCGTCCACTTGAATCATTCTAAG   32  
1.33bppt-­‐‑nr-­‐‑11r39   GCCCCCCCAGCATGTCATCGTAATTTGTTGTT   32  
1.33bppt-­‐‑nr-­‐‑13r39   CTCTGCTACAATTAATGTGAGTTAGGTACCGG   32  
1.33bppt-­‐‑nr-­‐‑15r39   TCTTCTTGAGATCCTTTTTTTCTGGCTGCTGC   32  
1.33bppt-­‐‑nr-­‐‑17r39   TCTGCTGCTTGCAAACAAAAAAACATACCTCG   32  
1.33bppt-­‐‑nr-­‐‑19r39   TAATGGAGGCTTGATTTCGACTTCGGTGCGGT   32  
1.33bppt-­‐‑nr-­‐‑21r40   ATTATTCATGATAAATGTCGTTAGGCTCTGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r40   GCCAAACTAATCAAAGCTAAGTTCAAGAGGCA   32  
1.33bppt-­‐‑nr-­‐‑25r40   AGCGTTCTCTGTTCCGCTGGGCATTGAGCCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r41   TAAATAAATGGCGCGACAAGTTGCGGCAACCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r43   TAAAGAGATGAGAATTTTTGCAAGGATGCCAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r43   CCTGCATACTGAAGCTTTAGAGCGTGTTTTGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r43   TTGCGCTTGTTCTGCTTCCGATTATCATGGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r43   CGTGTACCCTACTCGTGATTTCGGAACTGGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r43   GTAATTCTTTGCGGTAGTAAAGATGTGGTTCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r43   CCATGCCGGCGGCCTTGATAGTCACGATATCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r43   AACTTCTGCTTTAAATGCCGTCTGGACAGAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r43   CGTATGAACATTTTCATGTCAGGCACGTTGTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r43   TGATGTATTGCTTCTGCTTTCGCCGCGGCTAA   32  
1.33bppt-­‐‑nr-­‐‑1r43   GCAAGTATCACGCAGTTTCCCTACGCGGCGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r43   GCTTTAATGAGGATTGTTATGTAACAGAGAGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r43   TTTTATACATTTCTTTTGTGGTGATCCTTATT   32  
1.33bppt-­‐‑nr-­‐‑1r43   CCAACCATAAATCTAATTTAATATTTCAGCTT   32  
1.33bppt-­‐‑nr-­‐‑3r22   GCCAGAGTACCATGCTCATCAAAGTAGTCATT   32  
1.33bppt-­‐‑nr-­‐‑5r40   AGGGTGTGTGAGTTCCATATTTGAAGCTTCAA   32  
1.33bppt-­‐‑nr-­‐‑7r40   GACCATGACTTTTCTAATTTAACCGGCTCAAG   32  
1.33bppt-­‐‑nr-­‐‑9r40   TCTAGTGTCGTATGTTGTGTGGAAACAGCTAT   32  
1.33bppt-­‐‑nr-­‐‑11r40   ACCAGCGGTGGTTTGTTTGCCGGAACCACTTC   32  
1.33bppt-­‐‑nr-­‐‑13r41   CTACCAACTCTTTTTCCGAAGGTAACTGTCCT   32  
1.33bppt-­‐‑nr-­‐‑15r41   GAGAAAGAGGATGCCAGCAAGCGCATTTGACT   32  
1.33bppt-­‐‑nr-­‐‑17r41   CGGTATGGAACGACAAACAAAAGGGAGTTGTC   32  
1.33bppt-­‐‑nr-­‐‑19r41   GAAATCAACAGCAGTGAAACCACTGCCGGATT   32  
1.33bppt-­‐‑nr-­‐‑21r41   TGATGGCTCTTAATGGCGGTGGCTTCGTGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r41   CGACGTTCGCGCTATTACGAAAAAATGATGAT   32  
1.33bppt-­‐‑nr-­‐‑25r41   TACATCGGTCGCTGCTAAAAAAGCTTCTTTCC   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑17r41   ATCGGGCAACCGCCATCGCTGGACATCGTCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r41   TAAACTTATACTGGATTAAACAAGTTAGCCGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r41   CTTTAACGACGAGGAAGAAGATGAAGAGAAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r41   TACACCACATCCTCGCATGGTGGACGAGCGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r41   AAGTCATGTAGTAACCATTCAGGAGAGGGAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r41   TTTCGGGAGCATGGTGCCGGGAAGGGAGAGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r42   TCGTCAGACGAGGGATAAAACATCTTCTGGCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r42   GCGATCAAAAAACAACAGCATAAAGTTAGAAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r42   CTCATTGCTCTGGCTATGCAGAAAATCAAAGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r8   ATCTTTTGTATATCCAATGAGTCAGAACAACT   32  
1.33bppt-­‐‑nr-­‐‑1r8   CCTAATTAATGAAGATGCCAGAAATTATCGGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r8   ATGTCAACATCTGAATTGCTATGTCCGGCCTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r8   GTGCGATCTACATTAGTGAGTTGATGGTATTT   32  
1.33bppt-­‐‑nr-­‐‑1r41   CCTCACACACACAGTGCAGTGTTTACGATAAA   32  
1.33bppt-­‐‑nr-­‐‑3r41   TGTAATAATTTGCTTGATCTCAGTAAAATCGC   32  
1.33bppt-­‐‑nr-­‐‑5r41   GTATGCAGCATCCGTTTGGGATGCATCCTGAA   32  
1.33bppt-­‐‑nr-­‐‑7r41   ACGATCTCGCATTTTTTCGCGTCATCTGCAGT   32  
1.33bppt-­‐‑nr-­‐‑9r41   TTTCTGATGCTCCCTGATGATTTTACTCCGGC   32  
1.33bppt-­‐‑nr-­‐‑11r41   GTTTGAGTTCACTCTCCTTTGATGTTCTTCTA   32  
1.33bppt-­‐‑nr-­‐‑13r41   CTGTTACTATCGACGAACTGTTTCAACCCGAT   32  
1.33bppt-­‐‑nr-­‐‑15r41   TTATGGTTCGCCTGTTTTGCTTTGAAGGCCAC   32  
1.33bppt-­‐‑nr-­‐‑17r41   AATTAAGCCGTACAGGCGTCATCGACCTTATT   32  
1.33bppt-­‐‑nr-­‐‑19r41   TTAGCTCTGCTCATAACAGACATTAGATGCAA   32  
1.33bppt-­‐‑nr-­‐‑21r42   ATAAAAGCTGGAAATCTGACAATTCCGAACGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r42   TTCAAGTACCACATGCAGGATTTTTCCGCCCG   32  
1.33bppt-­‐‑nr-­‐‑25r42   TTCCCTGCTAAAAACTGATAGCACTTTGTCAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r43   GAAACGCCCCAGCAACGCGGCCTTTCAAGTGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r45   ACACGACGGGGAGTCAGGCAACTATCCAGGGG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r45   CAACGATGAAGAGGCGGCGCTTACTTGTGCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r45   CGAAGTTAGAAGACGATGTAAAAAGTAAAGAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r45   ATACTGTGATTTGCAAATACCGGAACCAAAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r45   AATCGCAGAGACCAAAACAGGAAGTTCACCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r45   GAACGAAACCGGACTGCCAAACGTCTGCTGGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r45   GTCAAACGTTGCTATCCCTCAAAAAACGAAGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r45   GACAGCTAACATTCCAGCCCTGAAAGTTACCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r45   TAGCGATAGCCTGCTCAGGGTCAACAAACCAA   32  
1.33bppt-­‐‑nr-­‐‑1r45   GATAATGTATATCTGTTGCCCCTACCACTGAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r45   GATGTGCTTATTTATTTTTCAATATTCTGATA   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑19r45   AAGAAAACTGAACAAAACTTTTTCGTCCTGCT   32  
1.33bppt-­‐‑nr-­‐‑1r45   TCTGTTCACCAAAAATAAAGGCCATTTAAGCT   32  
1.33bppt-­‐‑nr-­‐‑3r24   GCCCAGCTCATTTTTTATAAGCGTGTTTGACA   32  
1.33bppt-­‐‑nr-­‐‑5r42   TGATGTCGGTGATTTCTCTGCCTTAGTGACGC   32  
1.33bppt-­‐‑nr-­‐‑7r42   TGCCTCGTGCACCTGGGCCATGTAAACCGGAG   32  
1.33bppt-­‐‑nr-­‐‑9r42   TTTATTGCCGTTCCTTAAAGACGCTCAGCCAG   32  
1.33bppt-­‐‑nr-­‐‑11r42   AAAGAAACGACATCATATGCAGATGGCGCATT   32  
1.33bppt-­‐‑nr-­‐‑13r43   TTCCCATTTCGCTGGCGTGCGTTCGTTTATGT   32  
1.33bppt-­‐‑nr-­‐‑15r43   GATGAAAGTCCATCTACGATATCATCGCCTTC   32  
1.33bppt-­‐‑nr-­‐‑17r43   CTATTAATGGAAAGGTATGCATGCCTGTGCCG   32  
1.33bppt-­‐‑nr-­‐‑19r43   AATTGTTGACACACGTGCGAACTGGATATAGT   32  
1.33bppt-­‐‑nr-­‐‑21r43   ATAATAAGACTACTGGGGAATGAGCCATTCAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r43   GTTTCTTTCGAAATTTGCATATACGGACTGCG   32  
1.33bppt-­‐‑nr-­‐‑25r43   ACAGGAGACTTTTGCTGGCCTTTTACGAAAGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r43   ACGAAATAGACAGATCGCTGAGATGGGTCGGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r43   ATTGCCATACCTGGTCACGCACTGGATTGCCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r43   GACTCTCTCCGTGGTGTGGCAAAGATGCAGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r43   ATCATCAGGGAAACCTAACATTGACGGCTTCT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r43   CTGGAATTTGCCCATAAAGCAGATGCCAGTTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r43   AGTCGCGGACGGATGCTACACGAATTGAATGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r44   ACCTTCTCCGATATGCTGGCGTGGCCCTCGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r44   TGGTGTGCAAAGACCTGCGAAATATGAAATGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r44   CGCGAAAAACCATGTATCTCGTGCGCAATGCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r10   GTGCGAGGATGGTTTCACCCTGCATGTGGAAC   32  
1.33bppt-­‐‑nr-­‐‑1r10   CTGACAGACATATTCTGCATTAAAAAGACGTC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r10   ACATTACTGGTGACGTCTCTCGTCGTTCTGCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r10   CGAGCCTGTATGGTTTACGAGTATGACCATCT   32  
1.33bppt-­‐‑nr-­‐‑1r43   TTCTCAACGACACTATTACAAAAGTTTCCCGG   32  
1.33bppt-­‐‑nr-­‐‑3r43   AAGATTATAAACCACACCTATGGTATCACCGA   32  
1.33bppt-­‐‑nr-­‐‑5r43   GATCAGCCCGTCAGGAAAGCTTGGAACCCTGA   32  
1.33bppt-­‐‑nr-­‐‑7r43   AGAGGCGCCGCCAAATACAGGTAGACCTTGCC   32  
1.33bppt-­‐‑nr-­‐‑9r43   CGAACAAACGGGGCAATCCTTGCGCATTCGTG   32  
1.33bppt-­‐‑nr-­‐‑11r43   GTCACCTTGTGTTTTGGGGGCGATCCTTGTTC   32  
1.33bppt-­‐‑nr-­‐‑13r43   TTGCCAGCGCATATATTATTCCCTTTAAGAGC   32  
1.33bppt-­‐‑nr-­‐‑15r43   TAATCAATGTTGTTCTGTTTACCAATCAGCTA   32  
1.33bppt-­‐‑nr-­‐‑17r43   CTCTTCACACATCTTTTCATCGCCTCCAGTCG   32  
1.33bppt-­‐‑nr-­‐‑19r43   ATCTCCTGGTTCGCGGCGGCATTCGCCTCTTT   32  
1.33bppt-­‐‑nr-­‐‑21r44   GCTCCCCACTCGAAACCACCGAGCGAGTGTTA   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑21r44   AGATATAGTTGCCAGGCTTAAATGTCGCCATT   32  
1.33bppt-­‐‑nr-­‐‑25r44   TTCAGCTAGAACCCATTGACCTCCTGAGTGGC   32  
1.33bppt-­‐‑nr-­‐‑1r45   GGTAAATCAAGTACATCGCAAAGTTATGTCGT   32  
1.33bppt-­‐‑nr-­‐‑3r47   TGCGCGCACATAAATCACCAACTCGGTTAGGG   32  
1.33bppt-­‐‑nr-­‐‑5r47   TTGAGTCGTCCTGAATTCATTAGTATCGGTCA   32  
1.33bppt-­‐‑nr-­‐‑7r47   CATGGTGCCGTGAAAGAAAAGAAGGCTTTTCG   32  
1.33bppt-­‐‑nr-­‐‑9r47   GGTTGGTGAAGAGTTACCCCTCTATCATGTTG   32  
1.33bppt-­‐‑nr-­‐‑11r47   TCATAAGACACCATTGCGTGCATCGTTTTCTG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r47   AACTATATAAAAATGTCCTTGTCGGAATGGTT   32  
1.33bppt-­‐‑nr-­‐‑17r47   GGACAGGTCCTGCGTTATCCCCTGTGCGGTTG   32  
1.33bppt-­‐‑nr-­‐‑19r47   TCACTGATTAAGCATTGGTAACTGAGAAAGGC   32  
1.33bppt-­‐‑nr-­‐‑21r47   CGGATGGCCAACCATCGCAGGCAGTAAGAGCA   32  
1.33bppt-­‐‑nr-­‐‑23r47   AGTGCCGCACGCTCTGGTGGTGCACATTTTGA   32  
1.33bppt-­‐‑nr-­‐‑25r47   GATGAGCGAAGGCAAAGGTACTGCATTGCCGT   32  
1.33bppt-­‐‑nr-­‐‑27r47   TTTGACGAAAGGCGCATGAGACTCAGCCCGAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r7   GGTTGATCATCGAACTGGTGAGCAATTATCCC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r7   TCAGACAGGGATACGATTGGATTCGGCGATTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r7   ATGTGCGCAACGGACGTCAGAAAAGCGGAGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r7   TTTAATGACATGACGTTCTCAGTATACGGAAA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r7   CAAGATAGGCTCAGTGGGATGCCGAACTCCGA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r7   GGCGGTATGTCGCTGGCTGGATGCAGAAATAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r7   GTGTTCAGCTGTATCCGGATGCGGCGGGTATT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r7   GGTGGAATATTCGTCAGAGAATTCTCAACGGT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r7   GGAGGTTGCATACATTCAATCAATAACCTATG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r7   ATCAGCTATGCGGTCATGGAATTATGTACTAA   32  
1.33bppt-­‐‑nr-­‐‑1r7   TTCAGCTACACCGTTGTTCGGCCGCAATTGTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r7   CTCCTGCCCTTCGCGGCAGATATAACGCAACG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r7   TGCCCTTCACCCGGCGCTGAGGCCGCCATCTC   32  
1.33bppt-­‐‑nr-­‐‑3r8   CTAGCAATTGGACTGAATTAGTTGTTGAATGC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑23r8   GATTTCAAATTGCCGTCGTTCGTACATTTTCG   32  
1.33bppt-­‐‑nr-­‐‑7r8   TTTCCATGAGTGAATTTAGTCTGGTCATGGTC   32  
1.33bppt-­‐‑nr-­‐‑9r8   TGTTTTATAACGCAGATCGGATGACAGGCCTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑17r9   GATATTATTCCCGGGAGGTAAACGTCATCCCA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r9   TCGGATCGCATCAGCGTTACCGTTCCTACCCG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑13r9   TCATTTATATGCGTAATGATGTCGTTCATCTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑11r9   ATATCCATCAAGAAAAAACCGCCAATTGATAC   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑9r9   CCCCTTCGCAGCCAGTTCCATTGCTAGCAGTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑7r9   ATTTTTTAGCCTTTTACACATGACCTAACAAC   32  
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1.33bppt-­‐‑nr-­‐‑-­‐‑23r9   CCTTTTGGGACATCACTGCTATCTAGGCGGAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑5r9   TTTTCAGAAGGACGCTTTCATTTTTTCTGCTT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑3r9   TATCTGACTGTTCGTAAAAAAGCAGTCTATTA   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑1r9   TCTGACTGGCTTGGTGTACCTCATTCTAATCC   32  
1.33bppt-­‐‑nr-­‐‑1r9   AAAGCGCCGTATTACCGCCTTTGACAATAAAT   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑21r9   AAGTTTACTCATATATACTTTAGAGCATTGAG   32  
1.33bppt-­‐‑nr-­‐‑-­‐‑19r9   ATGCGGTCGCAATCCCGAAACAGTGTTTCGGG   32  
1.33bppt-­‐‑nr-­‐‑9r1   GCCGTTTTTTTGTGAATATATCGAACTACCGGGG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r10   CGAAATCTTTTGGCCTCAAATGGACGAAAGAGAC   34  
1.33bppt-­‐‑nr-­‐‑9r11   TACGCAATTTTGGTACGGATACCGCGTACCTTAC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r12   CGGTCCGTTTTTAACGGCTATGCCGCCGATCTGG   34  
1.33bppt-­‐‑nr-­‐‑9r13   ACTGCCCTTTTGCTGGGAGGCGCAAACGCAGCGC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r14   AAAGAGATTTTAGGAGGCACTCGCGAACAGCCTG   34  
1.33bppt-­‐‑nr-­‐‑9r15   ACGGGATTTTTCTCAATCAACAACTGGAATGACC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r16   ACGTGCTTTTTCCGGATTAACTATGTATCGTCAT   34  
1.33bppt-­‐‑nr-­‐‑9r17   CGCACGTTTTTCAAATCTTCATACAGTAAGGCCA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r18   TTGCTGATTTTTGTGATATGTAGATGGGCCTCCA   34  
1.33bppt-­‐‑nr-­‐‑9r19   CGGACAGTTTTTTTTTTATGTCGATGCTTTTTTT   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r20   GCGGGTATTTTTACGTGGAAAACGGCGTGTATTC   34  
1.33bppt-­‐‑nr-­‐‑9r21   GCCGCTGTTTTCATGGGAACGTCAGCAACGATAC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r22   CGGAGAGTTTTACCACGGCGTTTAAAATGGCGGT   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r10   GGAGGCATTTTCAGGGGCAGCAGGCGTGGATGCC   34  
1.33bppt-­‐‑nr-­‐‑27r25   GTTCACCTTTTATTTCTCATGCTGAATGGCCCAC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r49   GAAAGCATTTTGACGTGGCCACGCAGCCTGCACA   34  
1.33bppt-­‐‑nr-­‐‑27r49   AGCCACGTTTTGACGACATCTGGAATGCGTATAA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r49   CGGAGGTTTTTGAACAGCGCCTGAAGGAACGGGA   34  
1.33bppt-­‐‑nr-­‐‑27r49   CGGTGAGTTTTGGACGATGAAGACCTCTGTTCTC   34  
1.33bppt-­‐‑nr-­‐‑9r3   GCGGCACTTTTTGCCTCCTTTGTACTACTGAGCG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r45   GGGACGGTTTTAGCCGGGCGATGTGCCGTTGTCA   34  
1.33bppt-­‐‑nr-­‐‑27r45   TCGGCAGTTTTTGGTCAGGTTGTGGTAGACGAAG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   ACTATGCTTTTCCAGCAGGTGAGCCGGGAGCAGT   34  
1.33bppt-­‐‑nr-­‐‑27r9   AGTTTGATTTTCGGTATCAGCACCGGCGATGATG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   CGAGCGCTTTTGTTCTGGTTCTCGGAGACGGTAC   34  
1.33bppt-­‐‑nr-­‐‑27r9   GTGATGGTTTTGGCTTTTCCGCGCCAAAAGGCGG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   TGCATCATTTTCCGGACCGGTTTTACATGTGAGC   34  
1.33bppt-­‐‑nr-­‐‑27r9   AAAAGCCTTTTGCTGCTCAGGTCGCGGATGCCAG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   GGGGCCGTTTTCACTGGACAGTCCGGACGAACAG   34  
1.33bppt-­‐‑nr-­‐‑27r9   GCCTGATTTTTCGGGTGCTCATGCCCGTTCAACA   34  
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1.33bppt-­‐‑nr-­‐‑-­‐‑15r4   CTAACTCTTTTGCAGGTAGCCAGTGAAAAAAAAA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r49   TCTCCATTTTTTTCTGTCGAAGTGATATAGTCAA   34  
1.33bppt-­‐‑nr-­‐‑27r49   AAGCTGCATTTTGACGTCAGCATATTTTTTCTCC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   GGTGGCAGTTTTAGTGTATGACGGGCAGGACTGA   34  
1.33bppt-­‐‑nr-­‐‑27r10   AAGGAGCATTTTGGTCCGGTAACGTGCGCCAGGA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r10   CAACTTCTTTTTTAAAAAACGCCCGGCTGCGATT   34  
1.33bppt-­‐‑nr-­‐‑27r10   CTCACCAATTTTAGCATTTAATGCATTCAATGCG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r10   GCGTTATATTTTCAGACTCTTGTCATTATTTATC   34  
1.33bppt-­‐‑nr-­‐‑27r11   TTCTGAACTTTTCAATCAGGATTGCAAGAAACGT   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r11   CAAGGCAGTTTTGAGAATAGGGCGGTTTTTGCGA   34  
1.33bppt-­‐‑nr-­‐‑27r11   TTCAGCGATTTTACCACATCAGGCTCGTGTGCCT   34  
1.33bppt-­‐‑nr-­‐‑9r5   GTCTTTTATTTTATATTCCTGATGTATTATCATC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r9   TGAATCAATTTTCAGTTCCTGTGGGTCGCGAAGA   34  
1.33bppt-­‐‑nr-­‐‑27r9   GTGGTGATTTTTCGGGGTTTTGCTATCCACTTCT   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r11   TTCCGGAGTTTTTTTTGTGAAAGGGATACCATCA   34  
1.33bppt-­‐‑nr-­‐‑27r11   TTTCCAGCTTTTCTCGTTCTCCTGGTCTGTTAGC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r11   GCAATATCTTTTTCTATATGTTTTGTATATTGGG   34  
1.33bppt-­‐‑nr-­‐‑27r11   TTTAATCATTTTCATCAGGCAGACCCCTGTCTTC   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r11   AAGTGGAGTTTTATTTTACGTTTCTCGATTGATA   34  
1.33bppt-­‐‑nr-­‐‑27r11   TTTATATCTTTTATTGTAACAAAGGAAACAGTAA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r11   GATAAAACTTTTACTTAGTTTTTTGATAAAGTTT   34  
1.33bppt-­‐‑nr-­‐‑27r3   TCATCACTTTTTACTACTAAGGTTGTATTTGTCA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r6   GGTTACCATTTTAATTTCACACAGGAATTGTGAG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r10   TCATGGTTTTTTCAAAAACAGTAATCGATGGCGG   34  
1.33bppt-­‐‑nr-­‐‑27r10   CGCAACATTTTTTTTCATTCGCCAAAAGAAAGCG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r15   TAGCTAAATTTTTTATCTGCCACGCCGAAGATAA   34  
1.33bppt-­‐‑nr-­‐‑27r16   AAAATATGTTTTCTGCTTATCTCGGTGGACAACA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r17   AAAAAGACTTTTATGCTCGTTGAAGCAAAAACCA   34  
1.33bppt-­‐‑nr-­‐‑27r18   TTCCAGACTTTTCTGCTGCGGCACCTCGACATTA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r19   CCGGACAATTTTTGGTGCTCTCCAGAGTTCGCTA   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑25r20   TGCGTTTATTTTTGGCAGGAGGTCGCGCTTCGTG   34  
1.33bppt-­‐‑nr-­‐‑9r7   AAAGCGGGTTTTAGAGCCTGCATAACGTCGCAGG   34  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r8   TAATAGTTTTTTGTCAATCGCAGACAAATGCCAC   34  
1.33bppt-­‐‑nr-­‐‑9r9   AAAGAAGATTTTTCGCTTATGCGGATTAAGTGCT   34  
1.33bppt-­‐‑nr-­‐‑9r24   GGCACTCCATCGGACTTGCCTGCAACACGGCTCACCTGTG   40  
1.33bppt-­‐‑nr-­‐‑-­‐‑15r2   TGTATTCTTTTTTACTGACATGCAGATGGCGAACGCGGCAATT   43  
1.33bppt-­‐‑nr-­‐‑27r27   CGGATAACTTTTGCGCAGATACCAAATACTGGCTTCAGCAGATT   44  
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Appendix C: Additional AFM images, Sequences, and 
Analysis Details for Chapter 6. Characterization of 
Functional Origami for Programmable Cell Signaling 
C1: AFM Images 
C1.1: Tall rectangle side A, 1 DiST in the center 
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C1.2: Tall rectangle side B, 1 DiST in the center 
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C1.3: Tall rectangle side A, 4 DiSTs in the center 
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C1.4: Tall rectangle side B, 4 DiSTs in the center 
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C1.5: Tall rectangle side A, 1 DiST & pMHC in the center 
  
  323  
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C1.6: Tall rectangle side B, 1 DiST & pMHC in the center 
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C1.7: Tall rectangle side A, 4 DiSTs & pMHCs in the center 
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C1.8: Tall rectangle side B, 4 DiSTs & pMHCs in the center 
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C1.9: Tall rectangle side A, 4 DiSTs on the outside 
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C1.10: Tall rectangle side B, 4 DiSTs on the outside 
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C2: Staple Strands for Tall Rectangle with pMHCs 
All  published  tall  rectangle  staple  strands  were  used  except  those  replaced  for  
each  assembly  as  shown  below  (Rothemund  2006).  
One  pMHC  in  Center  
Side  A:  A-­‐‑Cent-­‐‑1DiST  
pMHC_A-­‐‑Cent1:  Biotin-­‐‑TT-­‐‑TTTTAGTTCGCGAGAAAACTTTTTTTATGACC  
Replacing:  t1r18f  
Side  B:  B-­‐‑Cent-­‐‑1DiST  
pMHC_B-­‐‑Cent1:  Biotin-­‐‑TT-­‐‑TTCCCAATATTTAGGCAGAGGCATACAACGCC  
Ancillary  Strands  
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Anc1_pMHC_B-­‐‑Cent1:  AACATGTATCTGCGAACGAGTAGAACAGTTGA  
Replacing:  t-­‐‑1r16e  &  t1r16f  
Four  pMHCs  in  Center  
Side  A:  A-­‐‑Cent-­‐‑4DiST  
pMHC_A-­‐‑Cent4:  Biotin-­‐‑TT-­‐‑CTGTAATAGGTTGTACCAAAAACACAAATATA  
pMHC_A-­‐‑Cent1:  Biotin-­‐‑TT-­‐‑TTTTAGTTCGCGAGAAAACTTTTTTTATGACC  
pMHC_A-­‐‑Cent3:  Biotin-­‐‑TT-­‐‑CTGTAAATATATGTGAGTGAATAAAAAGGCTA  
pMHC_A-­‐‑Cent2:  Biotin-­‐‑TT-­‐‑ACAAAGAAAATTTCATCTTCTGACAGAATCGC  
Replacing:  t1r18f,  t1r18e,  t1r20f,  &  t-­‐‑1r18e  
Side  B:  B-­‐‑Cent-­‐‑4DiST  
pMHC_B-­‐‑Cent2:  Biotin-­‐‑TT-­‐‑AAAGCGAAAGTTTCATTCCATATATTTAGTTT  
pMHC_B-­‐‑Cent4:  Biotin-­‐‑TT-­‐‑TATCATTCATATCGCGTTTTAATTGCCCGAAA  
pMHC_B-­‐‑Cent3:  Biotin-­‐‑TT-­‐‑GACTTCAACAAGAACGGGTATTAATCTTTCCT  
pMHC_B-­‐‑Cent1:  Biotin-­‐‑TT-­‐‑TTCCCAATATTTAGGCAGAGGCATACAACGCC  
Ancillary  Strands  
Anc1_pMHC_B-­‐‑Cent1:  AACATGTATCTGCGAACGAGTAGAACAGTTGA  
Anc1_pMHC_B-­‐‑Cent2:  AAGAGGAACGAGCTTC  
Anc2_pMHC_B-­‐‑Cent2:  GACCATTAAGCATAAA  
Replacing:  t-­‐‑1r14f,  t-­‐‑1r16f,  t-­‐‑1r14e,  t1r14f,  t-­‐‑1r16e,  &  t1r16f  
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Four  pMHCs  Outer,  30nm  apart  
Side  A:  A-­‐‑Out-­‐‑4DiST  
pMHC_A-­‐‑Out4:  Biotin-­‐‑TT-­‐‑CAAAATTAGGATAAAAATTTTTAGGATATTCA  
pMHC_A-­‐‑Out3:  Biotin-­‐‑TT-­‐‑AAACCCTCTCACCTTGCTGAACCTAGAGGATC  
pMHC_A-­‐‑Out2:  Biotin-­‐‑TT-­‐‑AGGCGTTAGGCTTAGGTTGGGTTAAGCTTAGA  
pMHC_A-­‐‑Out1:  Biotin-­‐‑TT-­‐‑ATCAGAGAGTCAGAGGGTAATTGAACCAGTCA  
Replacing:  t1r10f,  t5r18f,  t1r26f,  &  t-­‐‑3r18f  
Side  B:  B-­‐‑Out-­‐‑4DiST  
pMHC_B-­‐‑Out4:  Biotin-­‐‑TT-­‐‑CAACATGTTTAGAGAGTACCTTTAAGGTCTTT  
pMHC_B-­‐‑Out3:  Biotin-­‐‑TT-­‐‑CCAGCTTTACATTATCATTTTGCGTTTAAAAG  
pMHC_B-­‐‑Out2:  Biotin-­‐‑TT-­‐‑GGTAAAGTATCCCATCCTAATTTACCGTTTTT  
pMHC_B-­‐‑Out1:  Biotin-­‐‑TT-­‐‑ATGAACGGGTAGAAAATACATACACAGTATGT  
Ancillary  Strands  
Anc1_pMHC_B-­‐‑Out4:  ACCCTGACAATCGTCA  
Anc2_pMHC_B-­‐‑Out4:  TTTCATTTCTGTAGCT  
Anc1_pMHC_B-­‐‑Out3:  TTTGAGTACCGGCACCGCTTCTGGCACTCCAG  
Anc1_pMHC_B-­‐‑Out2:  ATTTTCATCTTGCGGG  
Anc2_pMHC_B-­‐‑Out2:  ACGCTCAACGACAAAA  
Anc1_pMHC_B-­‐‑Out1:  TAGCAAACTGTACAGACCAGGCGCGAGGACAG  
Replacing:  t-­‐‑1r18e,  t1r8f,  t3r16e,  t3r14e,  t-­‐‑1r24e,  t1r24f,  t-­‐‑5r16e,  &  t-­‐‑5r14e  
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C3: AFM Image Processing Steps 
Software:  Wavemetrics  MFP3DXop  v33  up23  hosted  on  Igor  Pro  6.22A  
- Import  raw  .ibw  file  into  interface.  
- Select  ZST  (ZSensor  Trace)  tab.  
- Ultra  Restore  Layer  (if  data  saved  in  any  altered  format)  
- Planefit  XY  Order  1  
- Flatten  Order  0  
- Mask:  Calc  Method:  Iterative,  Calc  Mask  (to  highlight  origami  and  taller)  
- Flatted  Order  0  
- Mask:  Calc  Method:  Iterative,  Calc  Mask  (to  highlight  origami  and  taller)  
- Flatted  Order  1  
- Mask:  Calc  Method:  Iterative,  Calc  Mask  (to  highlight  origami  and  taller)  
- Flatted  Order  1  
- Mask:  Calc  Method:  Manual  Mask,  Calc  Mask  (to  highlight  protein  patches  on  
origami  and  taller)  
- Invert  the  mask  (unclick  “Inverse”,  highlighting  everything  that  is  not  a  protein  
patch)  
- On  command  window  
o Extract  Layer()  
o Newimage  layerdata  
o Newimage  maskdata  
o Layerdata  *=  maskdata  
o Newimage  layerdata  
o Wavestats  layerdata  
o Look  for  V_max  (the  maximum  height  of  the  background  without  the  
thresholded  proteins)  
o Layerdata  =  layerdata  –  “V_max”  
o Newimage  layerdata  
- Insert  Layer  (from  “Commands”  pull  down  menu  on  image,  select  “Insert  Layer”  
- Overwrite  data  with  layerdata  
- Invert  the  mask  (click  “Inverse”,  highlighting  everything  that  is  not  the  zeroed-­‐‑
out  background)  
- Analyze  Particles  
o Open  Analyze  Panel  (“A”)  
o Click  “Ignore  Particles  Smaller  Than  25  nm2”  
o Click  “Analyze  Particles”  
o Individually  highlight  (Shift,  Left  Click)  each  particle  
o Click  “Detailed  Stats”  
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o Open  Volume  Stats  and  select  the  column  of  volume  data  
o Do  the  same  for  any  other  properties  
- Import  data  into  OriginPro  for  analysis  
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Appendix D: Additional Design Images and Staple 
Sequences for Chapter 7. DNA Origami Design for 
Functional Photonic Device 
D1: CaDNAno Design of Each Part of the Vertical Rod 
D1.1: Top of the base 
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D1.2 Bottom of the base including the start to the turn 
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D1.3 Both right and left turn 
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D1.4 24 helix bundle 
  
D2: Vertical Rod Staple Sequence List 
Name   Sequence   Length  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[433]   GGATTATCAAAGGTATTGCTGAGGACGTCCTT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[454]   TAATATGATAACTGCTAATCAAAAGTGGTAAAACTAGTGAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[496]   CGGCTGCTACGAGAAAGAGTGGAAGCCGGACTGAGTTTCAGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[527]  
CGTGAAGAGTGACAGAGCGGCAGCCGTGAAACGATGGAATTTTT
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[559]   CCAGATGTTTGCTCCATAAGGAATCACGCAGG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑0[592]   GGAGACACTGCAGTCCCGGTGTCCGTGCAGGTTTCAGGAG   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑1[383]   CATCGGAAAACTCCTGATGGATATTTGTAACC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑1[413]   TCCCTGTATAGTAATATCTTTTGAATGCTCTCAGTTGCATTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑1[476]   GGAAGCATTCAGCACCAAAAAATATGCTTAATAGCTGTCTCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑1[518]   AGGAGGAGCAGCCGGTCTTAACGCGGTGACGACTACAGGAAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[370]   TATCGATACCCTCAGAGAGAGATCAAAGCAGTCTGGCTAAAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[433]   CATAACTAAAGGAAACGACAGACATTTTCGGTGCGGCGGTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[464]   TCCCAGGTTAGATACCTGTCTGAAAAAGCGGTTTTTGCACTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[506]   CACTGGATTTTGATGCCATACGGAATGAGCTTGGGCGTGTTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[538]   CAGAGCGTGCAAATGTGTTTTCTGGATGCCGCAGACGGAACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[601]   ACAGTGAATGACCCCGCTGATACCACGCTGACGTTTGCTCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑10[645]   TATGACGAGGCGTGGGATGGCACCACCG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[331]  
ACGCGCTTCCAGCGGAGTATAAATGCTCATGCAATTATTGACCGC
TG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[392]   GTTTGCTTAATGAGCAGTGCAACTATGCAAAAACAGCTGGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[406]   TGTTTATATGTAGATTTATTTAACCAGAAGTATATGGGTTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[455]   GATCCGAGGTTTAAGGCGTTTAAGCGAGGCTTTTTTCAACAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[476]   GCGACCTCGCGGGAACGATGCAGATCAATTAATACCGGGGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[497]   TCAGCGACATTGAGAGTGAGCCATTCACGTTTTTGCGGCGGG   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[550]   GACCCGCAGCGGTATATCGCTGCTC   25  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[560]   ATTGGTGGCTCGACACGCTGCGATGGAGCAGATGACAGCGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[581]   GCTGCAGCATACCGCAACCGCGCCCGATAACCGGCACCGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[613]   CGACACAGGCCCGTGAAACCGCAGGCAGCCGGACGTGAAC   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑11[623]   AACACACACCTTTACCCATTAACCTCCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[391]   GTCGTCGCTGCGTGATGATGTGTGATAACGCCATTGGGCTGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[422]   TCCTGAAAAGTAATGTTTGATAATCTCCACGCCACATGAGGTTGC   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[454]   AAAGCAGTGCTTTATGACTCTAGCTGCGCCGGGAGAGGAACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[496]   CGCGCCTAGCCCGAAGCGCATACACAGTTCCGGATAAGCGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[527]   GACCTCGCGGCCATTGTACAGTCAGAGGCGCTGTTTGACTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[559]   GACGGGTCAGATTAATGACAGGCCTTTAACGGTGACGTTTAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑12[655]   ACGGTGCTGCCGTTGGCATCCGCGTTTGCCGGAATCACTA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[320]   CAGCCTCCCCCCGACTTCCGGCGTGGATAATG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[350]   AACGGGAGTGCGTGAAGCCACTACACGAAGGAGTTCCAGAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[361]   TTCGGGCAACCTAAAGTTTCTTCTATGGTTTATGCTTTTTGAA   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[406]   GGAACAATACCCTCGTACCATTCAGAACTGGCACCACTGGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[476]   CCTTTCTCTGTTTTTGGTTTTCGCTATTTATGAAAGTCGTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[518]   GGGCAGAATGGATACCCCGTGCCGAACAATACCGGAGTTCGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[581]   CGAAAGCTCCGGCACGGGGATATTACGTAGGCGGATTGAGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[592]   GCACCCGGCTGTAACCCCGCTGGATGGCAGAAACAGCCGGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑13[623]   GCCGTAAGTTGCTGCTGACCAGCGACGAGACGAAAGGCTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[349]   ACTGAAGTTATCTCCGCTCTGGGTTATGGTCAGTTCTTTACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[443]   AAGAATGAGGCTGGCTGGTGCTGACCGTTCTGGGTCCTTATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[517]   CGCGGCTCCGAGGATGACTGCTCGGGGAGGAAGAACCAACTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[622]   TTTACGGGTTTCTGCGTCTCTTTCCGGTGAGGTTAGAAGCAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[643]   AAGGCCGTGAGAGCTATCCCTGCTGTACGTTTCGCGATGACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑14[666]   TTTAACTTTGGAGAAAGTCTATCTCTCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[310]  
CGTCAGCGTGATGTTGCTGCGCTCGAACGCGGCAATTACTGTATG
AG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[371]   CTGAAAAAAGCCCAGCGCGACGCATCATCGTCTGCTGGGCTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[382]   GCTGTTGCACGCTGATCGATAGAGATCCATTATTTTGGGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[413]   GCCCGTTCAGATCTCCAGCCAGGAACCCTGGGAACAGGGAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[434]   CAAGGGTAACTGCGGCAGGCCCGCGTGCGCAGGCCCCAGTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[476]   ATGGTATGCCGATCCGTTTGTCCGTGGAATGAACATCATAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[539]   GCCGTGCGTTCAGGCCACCTGTTGACGTTGAGCGACAAGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[574]   GCGCTTTCCGTTATCCCAACTGCGTGGCCATGCACCGGTGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[602]   GCCGGAGTTATGTCGATGTACGAAATTTAAGTTTGCCGTGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑15[634]   GGATCTTGCGGCTGGTTCAAAGAACAGTGTAAGGGATGTT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[370]   CACTGCCGTGATATCCGTCAGCCCAAAACTCAAATGATTACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[433]   TCTCGACCATCAAAGCCATGAGGCTTCGCTCACTGGGAAGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[464]   TGTGCCAGAGAACGAAAGCCGCCGATGGAAGGGCCTCTATTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[506]   GTGGAGTTTGTTTCCGGCAGCAACAGTTACCAACCCGTCCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[538]   GCGCTATCCCGCGCAGACGATATCACGGCGGTGGCCAGCGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[569]   CTTATTCGGGAAGGTTGGCGGCAAAGGATCATATCGTCACGCCAT   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[601]  
GGCTCCACCTCTTCATGAGCAACAACCGGAGGATGCTACAAGGC
CT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑16[676]   CAAATTCCGGGACTGGTAAGGATGAAGATCCGCCGCATCA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[299]   GCGGAACGGTCAGAGAAAATTCAAAGAAGCGG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[329]   CAGAGTCAAGGCTGACAGCCTAGCAGATTAAGGAGTTCCCGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[340]   CGACTGGCGATGCAAAACACCGCCGGCAGACTGAGCAATACAC   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[392]  
TAATCATTTCCGGAACTGCAGCAATATCCTGTCATACCTACATGA
T   46  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[413]   ACGCCATCCCTGTCGGTGCAGTGATTTCCTGAAACCGGAGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[455]   GAAGAATCGCGGATCGCAGGTAGCCGCGCTGGATGTGCGGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[476]   TGAAGTGGTGGATGGGAAGGGATGCTGAAATTGAGACTCCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[497]   ATGGAAACCTTTTCCCGCGAGGTGTGGATGCAGCCGGAACCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[550]   GCAACTGTTCCGGTGTGATCCTGGACAGCGTAGAACACGGCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[560]   CATGATGTTTTCCGGCTCAGTGCAATAACGGCTATCGCTGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑17[613]   GCTGATTTTTGCTGCCAGACCAGCGCTGGACCCAGCCGTTAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[328]   TGGTGGGAATCATGGTTATGAAAGCCGGAGTAGAATCGCCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[412]   ACAGACCCCCGAAAGAATCCGTGCCTACTTTATAGGAACTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[422]   GGCGGGATATGGGCTCCCGACTTAAGCGAGGCTGCGAGAGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[454]   TTTTGTCGCCCTTTCAGCGGGGTCTGCCCGTGTCGTCCGTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[496]   ACCGAGTAAAAAATATATTGCACTTCCGTGTCTGAAGTGCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[527]   GATGGCAATGCTGGGCATGCTGCAGGATACCCGACAGCAATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[559]   CGAATATGGATTTTATGTATGCTGATGACAGGTAAGATTACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[664]   TCATGCAAATAACATCACGCAGACGATATCGAAGCATTCCGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑18[687]   GGCTTACCGGGCACGGAGTGGAGCAAGC   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[289]  
TCTCTCCGAAAAGTCAGGACGCTGTGCCGCAAGCAGCTTGAACG
GAC   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[350]   TATGATTCGCCGGACGCTACCGTAGGCGGAGAGCTTCAAACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[361]   GTGGGGCGCTGTTATCTAAAAATGAGCTGATTCAGTCATTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[385]   ACCGTTGGAAAACCAATGGGCGGTGTCACGCTAAAGCAATCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[476]   TTGCTGAGTGAAAAGTAACCGCATTCTGTACTTTCACCGGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[518]   TACCCGTTTGGAGGGCAGTTGGAAGTGCAGACCGGCGAAGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[581]   CCAGCTGTGGGGCCGGACGGCCCACCATTCCCACCGCCCGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[602]   GGATATGGCAGTTTCTGCCGTGCTTATCCAGAATTTACGCCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[623]   GAAGTGAGCTCAGGTCGAAGAGCCTTCGATCCGGTAATATCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[644]   CTGCGTCCGTGACGAAGAGCTGATATGGGCCGCAGCTGAACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑19[655]   GCCACATGGCTCACCACACCCTTCACGGCAATCAGCATCG   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[412]   TGCCAACTTAAAACGATGCACTTATTAATGTATGTATTTCAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[426]   CACGTATAAATAGTAATGATGGTTGACTAATTACTGCGCGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[443]   CTCGATCACCAAGGATTTTTGTAAGATGTGATCTAAAGAACAATC   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[517]   CGGTGATTGGGGGAACTGCGACGCCGCGTGGTGACACTTTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[580]   GCCATTGGCGTGATGCACTGGAACAACTGTTTCAGGTGCCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑2[603]   CTGCAGTGTTAAATCCCGTCTCTCAGGA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[349]   CTTCGCTTCGCTTATATAACGAAAGGAACAAGGCATTGGGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[401]   TAAACTATCTGCCGTTGGACATGTCGGCGTTTATATTGAGTACGA   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[443]   TTCAAACACTCGCGCCGACAAAGCGAAATTGGACGCACGTTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[517]   TGGAGTTCAGGAAGAGGATGGGCGCTGCGCATCAGCCGTTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[580]   CGGCACTGGAGAGGATGAATGATACTGTGGGACAGAAGAGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[622]   TCGTGTTTCAAAGCCGTCAAGGGACAACACGATGGACCTATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[643]   CCAGCGGTGGATACCCGTCGTCGTCAAAAAGAACTGCGGACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑20[697]   GTGACAAGTCCACGTATGATGAAAGACCTGGGCTGTGGCC   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[278]   TGGCGTGGTCGGAGGGGCGTTCCTCGATATGC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[308]   GTCAGAAGAAATCAATAATCATCATTCGTGACCTTGTACCTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[319]   AGAATGCCTAGCATTGCGATTGCAGATTGATGACATGCAGATG   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[371]   CCGATCACTGACTCGATTGGTTTATCGGCTACATCGTTGGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[385]   AAACTATGCTAATTGCAGCGCAACACCCTTATCTACCCTCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[434]   CGCTGGGCAAAATGCTGCTGGTGAGCCGACTATTCCTTCTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[476]   ATGGGCAGCGACTGGATATATCGAACAGTCAGGTTGAATGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[539]   GCAGGGGGCAACAGTACAGAAACCAACAAGAAAACTGCTTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[602]   CCATGACAAAGGCTGGGAACTTGCCGCTCTAGGGCAAATACA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑21[634]   GTGGGCCATTATCCGCACGATTGTTTTTCCGCCTGTGCAAAC   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[307]   CGCGGCAGTAATCGACCTTATGTGGCAGGAGGTCGGTACAGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[370]  
GCCATTCGCCAGAAAAACATGTCTTAAATTTTCATTAGTAATTGA
A   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[433]   TGCCTGGCTCTCCGACGTTCCCAGTGAATCCCCGCTTTTATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[464]   GAACGCTGGCTGGTGAACCATCATAACAGGCAACTGATGTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[506]   TCCGAGCCTGTACGGCCAGAGCTGCGGTCGTCTGTTGCGCCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[538]   TTTATGCCGGATATTTTTGATAAATCGGTACGGATGCGGGAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[569]   AAGCTTATCCGCATGACAAAACGCATGACATGCCGCCAGGGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[685]   ATCGTCGCCGAAAAACTGGGTATGCTGCTGGCTGATCAGCCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑22[708]   AGGGGATGTGGCGATCCGGCGCGTGAGT   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[268]  
TCGACGCAACGATGTGCGCCATTATCTGGCGGTGCGTTTATAGCC
TG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[329]   ACTAAGTAATCCTTGCGTTTGTAAATAGAGCAAATACATGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[340]   ATCGCTAAAACGTCATTAGCTTCTCGTGGCGCGAGCATACCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[392]   GATGGTGAAAGTCGGTGGATGTGGCGCTGGTGGTTGCCGACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[413]   ATGAAAAAGCGGCAAAAAACTTGATGATATTGAACGCGTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[455]   CTGCTGGGCGTTTCACTAATGCAAGCGTATTGAAGCTGTCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[476]   TATGGCAAAAAGTCCCTACATCCGTGAGGTGAATGCCCGTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[497]   TGCTGGCCGCTGGCAGCTGGAGGGATGAACCGCTTTCACACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[550]   GCAACGGGTGACCTGCAGCCGGTTCTGGTACCATCGCCAAAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[560]   CCCGTGCCGACGCAATGAGGCAAGCGCAGCAGCTGAAAACGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[595]   AGGAAGCGCTGTTCGAACACTCAGGCAGGAAAAAAACGCGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[613]   CCTCGATCCGCGGTGAAGATGCAGTCAAGCCTCCGTTCATCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[665]   GCTGGAGCGGACAGTACGTGGATTAACGCCTCTGCGAGTTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑23[676]   CGGCCCGACCGTCCGGCCCGCCGTAGAATCTGGCGGACCC   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[328]   CTTCGTGAGCAACAGCACAACGGTTTCGGGATTTTACTCCAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[412]   CATGTTGCCGGATGACCCCTCGAAGAGA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[422]   TATAGGAAGGGCGGTAACCCACGTGTGTTTACATACCATTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[454]   ATTGAGCGCCTGCGTCATCCGATCTGGACCCGTGATAAACAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[496]   GACGCCGATGGTGCAGAAATGAAACCTATACCCGCAACGTCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[527]   CGAAATAACCGCTGGCGTGCAGCAAGACGGACATGACAAGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[559]   GGTTTACTGTATGAACGCTCGAGATTATTATGGGCGTGTGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[664]   TGTCCGTGTGAACAACTGAACAAATGTGCTGACCGTGATGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑24[718]   TCACCATGATTCAGTCAGCAAGAACTGGCGCTCCACGGAT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[257]   ACAAATCTGATTACTATGCATATCGGTCACGA   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[287]   GATTTGTAACCTCCTGCCGTTCAGAACCGGATCACGAGTCGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[298]   TCAGATATAAGCCTGGTACGTAAGAACTGATGCCTGAAAGACT   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[350]   TAAGACAAGTTACGCTGCGGCGAGCCGTAGCCACTAATAGTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[361]   GATTCGCGGCAGCGTGTTCGCTTAATTTACTCAACAGGGATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[392]   CTTGCTGGCATTGCGGGGAGGCCGTTTGGCCTCAAAGTGTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[476]   AAGTCCATCCGTAGTCCACCGGGATAACACGCTCACTGGCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[518]   CTTCCCGAAGAGCAGATTTATCCCGTATCTGCTGGGTGTGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[581]   GGTCGAAGCATGCCACGTAAGATGGGCTGTTCCGGAAAGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[595]  
TGGATGGCACGCGGTCTACGGAAAGCCGCCATTAAAGGGGCAGG
GGATG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[623]   GCTGCATGCCATTGTTTCTCTGTGGACGTCTGCGCTGCTGGGCGTT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[644]   CACAGCGGCGTAATCATGGCCTTGCCCGTCTCCGCAAATGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑25[655]   GGCAAAACGGGGCTCTACTACGCGTGAGGAGGAACATGGCCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[286]   TAATCGTTACCGATTCCGCCTAACGGCATGATATTTGACGAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[349]   AGAGCCTGAGGTCTGCAAAATGCAGACAACATTTTACGCTCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[391]   CCTTTCAGGGTGCAGATTGTCCGAAACGCACCAGACGTAAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[401]   GACATGGACGCCTGCCCCTTTTGAACCGTGAATGCCGAAGCA   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[412]  
TTGAGCCGGATGAAAACGAAAGGGGATAATCCGGTCAGCGTGAT
TT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[443]   ATTGCATAATGTGCAGCTGGGTGAGGCGTGGGTGATATGTTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[517]  
TGAGGCCTGGCAGAGCGGAAAGAGCATTCTGCTGCGATACTGAC
CG   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[580]   GCTGATTGTATCGACTCCCAGTTGTGGTGAATAATCCACGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[601]   GGGGCCGGCTACGAAATGCGCGGCTGTCTGGTATGCTGAAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[643]   GTGGGATGGCACTGGTGAAGCCGCGCCGATGAAACGGTGCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[695]  
TCAACGAAAGACCGCTGGACCACCATGGCGAAAAGCGGTGTCCT
ATA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[706]   GAAACTGGCTGCCGGGAACGGCAGAATGCAATAACCGCGTTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑26[729]   AAGAGGAGCTGTCTCTGCCGGTGTGGCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[247]  
TTCCGTTGTGCTGAATTAAGCGAATACGGCGAGCCTGGTTATGAA
AA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[308]   CGTCATCTGCACAACAGGTAACACTTCGACGTATCTGCCACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[319]   CCCAAAGCGGTCCTAATCAATGGCCTCGACTGATGGTAAACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[364]   CTGAATGGCGACAAACAGCGTACCAGTTCGCAGGTGTCTGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[434]  
TCTGCGACTCTGGTTTTCGTCCGGGAAAACGTAAAACCTTCGTGG
C   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[476]   ACTTTACTGATGGAGAGGCTCCACGCCAAAAGTGAGAGCTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[539]   TGACCCGACGATGAACAGACGATTCAGCGCCCGTT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[623]   GAAAGATGCCGGATACCGTGATTCTGATTCGGAGTCCATGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[634]   TGACTTCGGGTCAGGATTCCTGCCGAGAAGCTGTGGTGTGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑27[686]   GACGGGGGGACACCCCTCTCAGGATGAACCTGTGGGCTGTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑28[296]   ATTAGTTGGTGAGCATTCAAATGCCGCTAACTCTA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑28[381]  
AAACACCACCTCATCTGGAGAGACGAGCAGTAACGGTTATGATG
AA   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[277]   TACGAAGAGTCCGGAAGTTGCCCGAACACAGCAAAAACAGTAA   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[340]   AGAGCATAACCCAAACTCTTTTACCCCCTTATCGGGGCAGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[455]  
CACGCTCGGTGAGAGACCGGGCCAGCAGGAGGCACGCTCGGTCC
AT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[476]   GGCGAAAATTGGCGCGCCCGTTATATCTGCGAAAACGTGGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[497]  
GGATGCTGAAGTGAATCAATATCGATATAACCGCTCCCGGTGTAT
T   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[546]  
CCTGACCCGCCACGACCATTGCTTACCGCTGACCGACTCGACACT
G   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[560]  
TTACCTGACCGCCGGACCGGCAAAAAACCGAAACAACTGCTGCA
AA   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑29[676]   GCGGCCGGGACGTGATGCCCTGATCCGTTACTGTATTCACAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑3[373]  
ATGATTTAGCGTGGAAAGATTTGTGTTGCTGACACGGAAGTGCGG
GA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑3[476]   TCTGTGACAGAGCCAGAGCAATTGAGGCAGCGTTGTATTTAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑3[539]   CCCAGCAATCGATGGTCTGAAGGCTCCGGTCGTATTGGCTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑3[560]   GGCATATACTGGCTGATGAACTTGTTCCGGGCAGAAGGTGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑3[571]   GCCATGGACGTACAGCCGCTGGAGTGGCTCACAGTAATTA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑30[699]   TGCCGGAGGGCGTGGGGAGGCCATTTGTCCGG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑31[592]  
ATGTATGAGTCTGGACCGGTGAGGGTGATCCGTGGCCAAAATGG
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑31[655]   GTTCATTGCCTGCATACGACATGATCGCTGGACAACTGCGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑31[707]   AAGGCTCAAAATTTCTTCAGG   21  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑31[718]   CCGGCCTGGCCGTTTCGTTGATGACGTGTGGCAGAGCTGA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑32[464]   TTTGATCCCTGCAAGCGTCATACAATGTAAGTGCGGTCTAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑32[506]   GCAGCCTATGGGATGCGACTCGCGACGACAGCGTGCTGGGCG   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑32[582]   CGGTGCTGCATCTTCCGGATGACGTCCG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑33[255]   GTACTGTGGGGATGCCAGTAAATTTTAGTGAGAGCCAGTGCTCT   44  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑33[315]  
AGCTGCAAGACCTGTGGTCACGCATGATGTCTGGATTATATCGCC
G   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑33[399]   AGCTGCGCTACGAGGAAACTACACCTTCCAAAAAGACTACCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑33[630]  
TTAACTACCGCGGCACTGCAGTCAGATACGCCGGTCGTCAGCGC
AGAAC   49  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑34[464]   AGTGTGTTTTGTTGATGATTTATGTCAAATGACCGGTT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑34[506]   CTGCATTATCGCCCGTCTGCAACAGTCAGCCGGACGCGCCGGTGT   45  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑34[550]  
GCATTCTGCTCGATATGGAGGGATGGTGGCGGGTGCGTGACATA
AAA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[394]  
ATTTAACATTTACAACCTTTTTAAGTTTCTATAAGATGCGAAGATT
T   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[424]   TTATGAATATACGTTGTATCGAATATTTC   29  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[434]   GGTGTTATTTCAACCTATCATAAATGTGATTTCTCATTCCCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[455]   TGCTGATCTATGAGTTACCCTTTGCATGTATAGAAACGATAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[476]   TCTGATTCGTGTGCCCTTTAACCGCTAGATGAAGACCGTGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[497]   TGAACCCTGGCCTTTAATGAGTTTGAATCCGGGCTGCCTGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[531]   CTTGCACCGCCCGGACTGATTTACCAGAGCTGCGTATGTGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[550]   CTCCGTCTGGATGAACTGCCCGTGGGCATTTGACTGCGCT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑35[560]   GTCATGAAAACAGGGTGTGGATGGATGGCAACCCCCAACCCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑36[433]   GCACTTGGACGTTTTAGTTCATTTCTAACACGATGTTAACAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑36[456]   CGTGTCACAACAATCTCAAATCTCATGGAGCGACAAA   37  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑36[496]   GTTATCAACTGCCCAGGAGGCGTGTCCGGCGACAGTGATGCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑36[531]  
CCGGTGTGCCCGGCCACGCTGGGCTGCCAGCGATCCGATGGTGG
ACG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑36[561]   GACATCATCGCAGTGCAGGTCAGTTGCT   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑37[425]   TATCGTTTTTATCGTTGGCGCGTAGTTTGCAT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑37[448]  
GGTCTGACCTCCTTATTGGTTGCATGTGCTTCCGTAACAAAGGCC
AA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑37[497]   ACAACGGCAGCCGTACTCGGGATGAACGGCATCGCGCCCGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑38[447]   ATGAAGTGAATAAAGTCTAAAGTAAAACATACGAGTCAATCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑38[517]   GCCTGACCGCGGGTTTTCTTTATCTCCCGCATATTTCAACAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑38[571]   TGCCAGTGCCGCCTCCCGGCATCGGC   26  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑39[415]   TTTAAAAATGGCAACCTGAGCCATTGTCTTTTC   33  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑39[476]   CATTCTGGAGGGTCGATATTAGGAATGTTTTCACTCTGCTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑39[518]   CCGGCACGATGATGACGGACCACGCTGGCATTATCATCAGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑4[433]   TTAGTCTCCGACATACAGGGTTTAGCAATGCCCTCTCTGACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑4[464]   TTAATCGTCCTGTCAGGTTCAAACGTGAAGCCATAAGGACCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑4[506]   CCTCAGTGCCGCTGATACGCAAAAACCGCCCGCGACAAGCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑4[538]   AAGAGGCTCGTCGCATCCCGTTCTCGTATGAGCAGGCAGTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑4[613]   GGGCGAATGACCAAAGAGAAACGCCA   26  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑41[404]   GTAAATATAATGTGAGTATCTGTGGCTAGATA   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑41[476]   TTGAAGTAATATTGGGAAATACAACCGACAGATGTGAAAGAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑41[532]   CGCTTGCCAACGACTCACGCAGAGGCCAGCTTGGGCGATGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[362]   ACAGCCCTGACGGGGACGGATTAACTATGTCC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[392]   GTGTCCGGATGAATCGTCATTAACCCTAAACAATGTAGCGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[403]   TAAGCCCCGGAGTGTTCTATGTTCCTTTAGCTGTTTCTTGAGA   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[455]   TTACAATATTGATGTATATGCTCTCTTTGTAATTAGCAA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[476]   AGGGAAGAACGCGTTACCAACACGCAGTCTGTCACTGTTCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[497]   AAGCCCGTCAAAAGCGCGCTTGTGCGAACGAGTCGACTCCAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑5[560]   GCGATCATTCGCAGGCATGTTTCTGTGCGGAACAGCACCGAT   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[391]   TAGCATTGTTTGTTTTGAACACTGCGCCGCCACAATACGAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[433]   TGTTCTTCGTTGTGATGGCAGGCTTCAATGACCCACGGGTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[454]   GGGTTGTCGCTGATTTGTATTGCGTCATAATTGATTTCCGGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[496]   GGCACGGGCAGACGGCTCAGGGGGTGACTCACTGATACGCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[527]   CCCCGAAAATCATCGTTCTGGATAAGAAGTTTCAGGAAGCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[552]   CTGGGTGCAGGCGAGCCAGTGACGTTACGTGAGGAGGCCGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑6[624]   GCGCAGATCAACGGCCCGCCGCATTCTG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[352]  
GTTCGCAGAATCGTATGTGTAGAAAATGGTGTTATTCCCGCCTTT
GG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[413]   ATTGTTATAATAAGCAGGGCCTCTGTTGAGCACATCACGTTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[448]  
AAATTCCTCCTCTTTTGAGGAACAAGTTTTCTTGTCGGACCCATGT
TGC   49  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[476]   CGATGTTAATTTCACAGGGATGTTCATTCTTCATCTCAAGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[518]   GGGGCGGGGAATTACGCCCAGTAACGGCTACTCCGAAAAGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[581]   CGACGGAGCATTATGGGGATCACAGGCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[592]   GAGCTCAATCATGCACGACAGCGGGTGCTGGATACCGAGG   40  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑7[602]   GCGCGGCCGGTTGCGGCAGAAAACCCCC   28  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑8[412]  
TGTAACAACATTTTGTAAACGAGCGCAGAGTTGAACAGGTGCGG
AA   46  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑8[443]   TGATCAGTGTTGTTCTGGGCTGAG   24  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑8[517]   CCGCACCTATTCTGGGCGCGAGAAGGCGATGTATGGGAGGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑8[634]   GCCGCAGCACCACAGAGTGTTTGCTG   26  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[341]   GAAGAAATGATGGGTGGCCCAATTCCAGAAAC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[371]   TGCTACTCTGCATCGACAGTTAATAAAACCGAGCATTGCCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[382]   CCGTTTTTCATTAAACAGTATTCCACTTCTCAAACCGGACGTT   43  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[434]   CCCGTATCGTGGTTTGATGGCCATTATCACTTTACTCTTCGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[476]   TTACGTTAAGTTCTGCGTTCAATCATTTGGTTAGGGTTGTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[539]   CTGCTGCGCCGGTCCGGCTGGGGAGCAGCGGGAAAGCAGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[561]   ACGGACTGCCGCGTATTACGCGGCTGG   27  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[571]   AGACTCAACTTGACGTGCCACTGCCCGTCATATGCCGGACCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[581]   CGCGTGCTCGTCTGATGCAGGGGGCAATGCGA   32  
51K-­‐‑VR-­‐‑Base-­‐‑Top-­‐‑9[602]   GGTATGAGCGCAGTGACACTGGGCATCTGATGCCGCAGGGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑0[307]  
GATGGCATTACCCAACCCACCCTTATCTCGGTGGGTTCCCCTAAC
C   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑0[685]   CTGATTTAGCTATGCCGGACATTCAGAG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑0[739]   GCCGAAATGACAGAGCGCGTCCCTGTTTGTCCGACACGCT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[236]   AATTCGCTCGTTGTGGGACTCAACGATGGGTT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[266]   GAGGCGGTGAATAAAATTGGGCAAGCGCAGCATATTGCCAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[329]   CCATCGCGTCACACGTTAGCAGCACTGTTAAGCCGTTCGACA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[364]   CGAAAAGCCCGTTCCCAAGCCAAGAAGAGTCAATCGCAATCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[623]   CTGGTCAGGGTACATGGGAACGTCAGCCGTGATACGTCTGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑1[665]   CTTCACGCTGTTCGATGCTGCTTTGATGACCCTGAGGAGTCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑10[261]   TGGAACTTTGACCGTTCAACAAACCAAAACT   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑10[324]   GCCCAGCCATCCGTACTGGTATTAATATCCAGGATAGC   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑10[664]   ATGCGGACTGGGCAGATGCGTAACGACTGGCGTACACCGGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑10[723]   AAACTGTCCACTGACCGGCAGTGAAGACCTTTCGCAGGCGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑10[743]   TCACAGGTTAAAGGGCCACGG   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[233]   GGCTTCTGACTCGGCAACTTTCCCGGCGAGC   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[249]  
TCCGCAATCATAAGCACGAACTCACTGATGCAAATACTCGCTTAT
ATG   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[263]   GATCGGTGTGTACAGCAGGTAGCGTTGAGCAGATGCGT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[305]   AGGATCGCCCTGCTTGATCTCAGTTTCAGTTGAAGCTG   38  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[357]  
TACCAAAACCGGGCAGGAAGCTCAACGACTGAAATGTAGTCGTT
GA   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[375]   GATGAGGAGCCCAGAGTGTGGAACAATCAGTTGCA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[396]   GCCGCAGAGAGCACTCGAACGACGTGGTTTCGCTAAACTGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[599]   GCTAACTGAAGAGAAATATACCGCGAACAGGACAAAAA   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[609]   GGTGTATAGACCGGCATGACCCCTGCAGTTGCAGA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[627]   AGATCCTATGTTCAGACGTTGACTGTTTATACCAAATCTGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑11[725]   GCCCAGTATGTGATGGTATTGCACAGAAT   29  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[272]   ATCAAAAAGGTACTAGGCTATCAACTATGCCAGAAGCTA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[282]  
CGTTTTGGAATGATTAGGAAAAGAGGGACGATCCTGAATGTAAT
AGCCG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[321]   CGCCAACTCAAGCGGAAATCTGTGGTGACCATGCC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[380]   CTTTCTCGTGGCGGCACCTTACTGATGCGGACGTG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[387]   TAACTCGCCTATAAATCCTGGTTATCGAAGGGGAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[590]  
CAGAAGATCGGTGACGGCTGCTGGCGCATAAATTTGTGGAGAAA
A   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[674]  
CCACGCGTTTTGGTGGGAACGCGCTGGCGCAGGATACGGGGGTT
C   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[695]  
TGGAAATGGCAAGGTGGGATAAATTCGCACACCGCACAGTGATG
A   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[713]   GGGGGGTGGATGTAGCAATGGCCAACTCCGTGCAGGCGGATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑12[746]   TCAAAAATCCGCTGCGCGGGTTGT   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[233]   TGAGACTCGAAACGATGGAGACCAGAACGAAGTAGTTACTTCTT   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[256]   TTTTGATTCAGTTGATATGGTTTAGTTGCATATTTCTG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[298]   GCCTGTATATCCGGATGCGGAGTCGATCGATAGTTCTG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[333]   CCGAATCAAAACGGGAAGTCAGAAAATACGTAAACCATTGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[357]   CGCATCGAATGAACCAGAACATGCGGGCCCTCAACATCGTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[375]   GTACATCAGAAGCTCGAGGTGGTGCTGTAGC   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[389]   ACGTGAAAGGTCATTACCTGGGGAAACCAGCTAAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[599]   ACGTGTCTGCAAGCCGAAACAGTCCAGGAAGTTCGTGC   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[641]   AATAATGGATGGGACGAAAGTGCAATGCGAAACGTCCG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[658]  
TGCCTTACTGACGGGTGAAACCGGGTACACGGTGGAAAATCCCT
GGGCT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑13[732]   TAAAGGCCAGCTTGAGCACGGCGGTGCCTGGCATCCGCAGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[269]   AAACGCGGTTGGTGCTCGCAACATTAAGGCAAAAGCCCGATGT   43  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[282]   CAGGTTCATCTCTGAGCCTCAATTCCGCAGGCCTTTTT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[303]  
AAAAGCAGTGGCTGGTAATGGCTGAACTCCTGAAATATGCCACG
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[345]  
AAGTCGAACTCTCTGAAGCTTCCCAGCCAGCGGCGAAGGGCAGA
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[576]   ATCTCCGTCGAAGACAGGATTATGAAGCGACCTG   34  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[604]   CGGGTCCCTGTTGAGCATCTCGCCTGTCAGCGTGACGCAAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[618]   TGGGCAGCAGAATCACTCCCGGGCGCGCAGGTCAGTGC   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[710]   TTCAGTAGATCCGCTGAAAGGCAGTTGCCGTTTTTCCTG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑14[746]   CCTTTCGCGCCGGATGCGAAA   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[229]   GACTGCCAAACGTCAGGCATCCGAGCCCGT   30  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[280]   AGCGAGGACAGGTGCTGGGGGGCAGTTTCGAGTATCGG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[323]   AAACGCTGGCCCCTGGTTTCAACCATGCAACCTGCGTT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[333]  
TACTGGTGTGCCGAAATACGAAAAAATTGATGATAAAGCCATAA
C   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[343]   TTACCAACACGGGTTGTGTTCTGCCATGTTTATACGATTAGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[616]   AGTACAAACAAATCAGTAAAGCGCCGGGAGATGAGGTAT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[637]   CACTTGGCGTGATGGAGTGGCTCACAGTCGGTGAGGGACGTT   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[658]   ATCAGGACCTGCGTTGTGGGGGTGATGGTTAT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑15[721]   AACGGGCACCGGCAAGGAACAGTATGGCAGAGCAGTGGG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[244]   GTCGAGAATGCAGAGGAGAAGGCGCA   26  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[265]   ACAGAGCAGGCCGTCTAACATCATTCGCTTCGGGAATCCGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[328]   ACAAAAAGCAAATACAACCAGCACAAAATGGAAATC   36  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[664]   CGGATTTAGCGATACGATAAAATCCGCTGTTACGT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[685]   CTGGATGCTGCATAGTGCTTGATTCAGCAACGTGATCGTTGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[727]   GACCATCGCCGGATCGTAAAAATCAAGCAAAAAGATGGATGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑16[750]   CAGCTGCGGCGTGGAGGACTGATGAGGTGCGG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[226]   GATGCAAAGGCGTCGGCTATTCAAGGGAGAGTT   33  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[287]  
GCTAATCGTTGATCGTGGTGCAGAGAATCGCGCTGGACTTATCGC
T   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[350]   GGTGGTGAACAAACTGGATACTAGTTGGTCAC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[364]   ACAAATCCCAAAAGCGAAGTTACACGAACCTGATGCAATGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[392]   ACCTTCAAACAAGGTGATTGAAGCGAGCAACTGCTCGGA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[581]   GGCAATTAGATGCCGTCCATGTCAGAACAGTG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[602]   CGTGGTGATAACCATCCGCAGTGGCGATTAAGGCGCAGC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[623]   CCGGTGAGTCAGATTTGATCACCAGTGCTACCACCATTACAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑17[644]   TGATACGGATGAGCGATATCCGCGCGACCGGCACGGTTT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[244]   ATTGCCGGCAAAGCACCACGGGCCAC   26  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[286]   GCTTATCAGAGCAAATACGTTGAATGCCGGCG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[314]   GGAAACCATGAGCAAATGGCGGAATCAGCAGC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[349]   AGAGATGGCCATCGAGTAGACCGATCAAAGTGGTGGAACTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[363]   GCGGATGCACGGATGCTACGACCGATTTCGACTTAGGGTACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[643]   GCCGATCCTACAATTTCACGCTGGACTGGGCGTGGATGAAGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[664]   AAGAGCTCGTTTTTGGATCTGCCGGAGAATACCCG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[727]   CCGTTAAAAAAGGTAATCAAAAAGG   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑18[750]   GCTTGGACGGGGCGTAGAAGTTGTCATCTCTG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑19[226]   GCCGGGGGCAAGAAGAGTGCGGAA   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑19[396]   ACGACTGCTGCGCAGAAGGAAGAAGCCG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑19[627]   ATGTGTCATTACCTATGAAATGCATGATGGTGGCCAGCTGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑19[700]   CCTGCGGTCCCTGACGGTGGCGAGAGTCATCTGAACGAAAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[251]   GGAAGAACGAGCTGGGTACAGGATTGCCGCGGATT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[293]   GATTCAACCTGTATCGATACCTGGAATTATTGATG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[356]   TCAAACGCCTGTATGCAATATCGATCTGGAGTGAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[377]   CCCTGAACAATGCGCTCAACTACAAGAAGCGATCCGATCATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[387]   GTGGTCATGGGCGGTAGTTCGGACCTCACGTCCAACAAGATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[398]   AATTAACATTACGCACCGGACTTTA   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[576]   CGCGAGAAGCATGCCGGCGTCAGGATGGCAGCACCTCGCACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[587]  
GAGAGTCGAAATCCCGAAGGACGGCGCGAACGGCAGGCAGAAT
GAC   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[650]  
ATGTGAGCGACAAGTCCCGAAGATGATGCGGGCACATCCGGTTG
GT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[671]   ATGAGAGGCGCCTGTAACCGTCCTGGCAACGGGCG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[692]  
CCGGGGAGCAGGCGCGGCAGCTCGAAGTTATCTCACCGGCGCCT
GT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑2[743]   AGCCGGGGGCTGACTGCGCCATTCAGGCGTGATGGCGCCGCCTG   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[244]   ACACAAGTCTGCGGCAAGCCGAACATCGCATGCCGGA   37  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[286]   AAGCTCTTGCCCAAGCGTGGAAACGTTAGGAT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[314]   CTCGATTACGACAAATCGAACTGGTGTCTCAGTAATGTTAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[338]  
ACGAATGCACCGCTATTATTTGGGGATTGGACTGTATGGAATGCG
AGGC   49  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[363]   ACGCAGACGTTCTCATGGTATGAAAGAGGATAAACATTAAAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[601]   AATTACCATGGTGACAAAAGCGCAGCAGACTCATTCGGCAAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[622]  
CGGTGACCCTTAGGCGTGAGGACGCTATGGAGAGCCTCGATGGA
TTAAT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[664]   CACCGGGAACTGCAGCATCAACTGAGGACTGGAGACGCC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[685]   GGATGCATGGTAATGTCTTCCGTGTGTTATAAAAC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[716]   GCCTGGCCATCCGTCGCGGGTTTCGGTGAGGCAGC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑20[750]   CAGCCGTATCAGCAAAAGGCCGTTGAAAACCT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[226]   TACCGTGGTGTGTAGTGCCGCGAC   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[298]   CTTAATGATGAATCACACGATTTGCCAAACCACAT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[382]   CGACTGATGAAGCGTCGCCAAAATAATCTGAAAT   34  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[396]  
ATGACCCTGCATTCGCTCAAGATAAGAAACGTGAAACGTGAGCA
C   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[578]   CGTGTGGTGACAGCCGGACGGGAAGAACGGCTGCAGACCAGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[585]   CTTCCAGTTAATCCGGAACATTCCGTGGTATAGCCGCCGCGATAC   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[676]   CCGTGAATACGGCGGAGCGTGGATAAATATCCGATAACCCAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[683]   TTTAAACCGTGGTGCCGGACATGGTTGCCGCACTTGCGTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑21[700]   TTCCGGGCATGCAGTAAACAATGCCGGCCCGTGCGGGATACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[286]   AATGGCATATTGGGCGTTTCCATCCGTCTTAAGTA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[296]   GCCTTACGGGTGATTCGTTCTTTG   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[314]   AAGGGCAGCCAGCAACGAAAAACGCCTCGCCAGAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[349]   CATCCATACCGCACTCAGGCGGCAGAGTGGATGTTGCGGCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[391]   TCTGCCTATATTCCTGATGTAGTTTATTGAGTCGGGTGAAGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[580]   GGAGTACGGTGCTTCCGCTGACAGTAATGTGACGAAAAGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[622]   CTCAGAGCGGCAGGACAACGTGTCGGTACACCGGG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[643]   GGTGGTGGTGTTATCTGAAAGGGCTATGCCACCGGGGGACGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[727]   GCGGCGAACCGGCGGCAAATATGAGC   26  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑22[750]   GCGGTACAGCCATTCAGGCGCATCCGCGTCAG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[229]   TGGCTGCATGTATCGGGGAAA   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[280]  
GCAGATGCCACGCCATAAAAGTTCACGAAACATCTCACAGGAAA
GGGGG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[347]   AGCAGACCTGGGAACGATCTTTCGTCCACGGATGCGATATCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[357]   AATCAGACAGAACTAGAAACATCTGTCGCCAGAGTTTTTATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[588]  
TCCGGTAGTCACCGTCTGAACCTGATGATTTCTGGAAGACGCTCT
C   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[616]  
ATCCGCTACGACAGTAACACACGGTTATAAATTCTCCAGCGTCCG
TCGT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[651]  
AAAGTTAGCTGCCGGGACCACCCTGTGGGGTCGCGAACTGACCG
CC   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑23[693]   TGAAACATACTGATTTGAGCGGGCAGCTTCACCCGATTGTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[265]  
GTGAACGATTATTCGTCAGAGGGACACAAAAGACACTATTACAA
AAG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[275]   CGCCTCATGGTGTGCTCCTTATTTGGGTGGGCTAACGAGCGAATC   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[307]   AACCGAAAAAACGACCTTTCTAACATCCCTCAAATAAGTTAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[328]   CTATCGCAACCGGATGCTGCAATCCCCTAAAACGAAATATTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[338]  
ATGCGGTAAATCGGTAAATCCGGCATGTACACAAACTGCTGGTTT
CACC   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[363]   GACCGCCGCCTTGACGGCGGCTTGTCCTGCGAGAG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[380]   CAGGAATCAATCGCGAGATGAAAAAACTAACGTAATCG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[412]   TAATACATACGTCATGGTCGACGGCTCCTGTTTAGCCAAAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[475]   ATTTAAGGATGTTTGACATCTGTTCAATCGAACACCATATGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[496]   GCTTTTCGAACGACGTGTTCCGGGCAACCAGATATCAGACTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[517]   ATTGTAACCTGACGGCCCCCAAACGCCGATGTTTGAGAGTGG   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[538]   GCGGAAACAGCGGCGGCAATCTGACCCGGCAAACGTAAGTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[601]   AACTCCGGGATATCAGTGGCAGGAGGACACGGAGGGGGTATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[615]   CAGCAGTCTGTCAGAATCCGGACAGGAAAACCGGTGGAGTCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[664]   ACCGGCTCATGTGGTGATTAACCGGAGGTGGACGAAGCGCCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑24[739]   CAGCGGGGATTGTTCACCGTATGACATG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[226]   ACTCGAAATCAACCGTAACCAGACTGGATTTACGGGGT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[266]   GCCAGGGTCCGGTAACGTGCTTGCCAGGACAACTTCTGATGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[315]   AAAGAACGGTCCTTTGATGCGGGGTGTTTGATCCATTCAAGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[371]  
GGAAGTCTTTTGAATGGTTCGTAGTCATATCATCTAGTCTGACCG
ACCT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[602]   TCTGCGCATGAAGCCGGGCGTCGGAAGTAAGCGTAGAATGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[679]  
GGCATTCATGTGCAGGTTATGGGTCTGAGAAAGAGCGATGGCTA
CC   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑25[707]   CAGCGCCTTTTGCAACTGTTCTCCCGTAATTCCGCCGATCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[363]   AATGGTGGGGACAGCAGAAAGAAATTATCTCGTTGGACTCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[401]   GAGCTGTCATGAGCCGTTCGATATGGCCCCGATTCGAT   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[433]   TAATCAGAGGCAGCTTTGTTGCAGGCTTAACCATGTGTTCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[475]   TAAAAAATTGCCGTCGTTCGTATTGCAGTCTATCCTCACAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[506]   GCATGAAGCGAGGCGGCGTGTGGA   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[569]   TGCCGGACGGTAGCTGAAGATAGTGGTCAGTGAGGCTG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[590]  
CAAAAAATGCGGACGCTCGTTTCGTACAGCAGACGACATCTGGA
A   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[622]   GATGTGGCTTCGATGTTGGCAGACAGCCGGTCGCACGGTATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[675]   TTCTCAACGACCGTGGGGTTTATGAGCGGGTCTCCACAC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[685]   TGGTGGCCAACCTGAAAACGTTCTGGAAGAGCACGTGAATGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑26[729]   GCCCGCAAGGGTGCCCGGCGGTGTGGTGAGTACG   34  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[236]   TGTGTGTGCTGTTCCGCGTAACCACCGCGACA   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[427]  
TACCATCCATTGGAGTTGCGCCAGCATGTTCTATTGATGCTTTTTC
CAA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[448]   CTTCCTGACCATTTAAATTGCTATAAGCGTAATCA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[469]   TCCAGTCGAACTCACACACCGCCAGCGTGAAAGCAGAGCGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[511]   CTGGCCGTCAGGTACGGGGAC   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[553]   TCCTTTTGATCGCCAAACTGTACGATAACTTTTCC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[634]   GATGTGAACATGCACCATTCAGCTAATATGGCAGTAAAGACA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[686]   GCGAACGACCAGCCGGATTGGGGCACGAACGGGCATGCGTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[700]   ACAGGCGGAGGATTTTTGTCTTCACGAACCGGCTG   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑27[718]   GGAAATTCCAATTGGCGGGGCTGTAGGCAAT   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[286]  
AACCAATATGACAAATACAGCTTCTGAGGTCATTACTGGATCTAT
CA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[296]   GGGTGAAGCCTGGGGGACAGCCAGTTTTGCTATACATAACAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[349]   ATCTGACGTGGCAGATCTCGAGCGATTCTCACCAAGCTGTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[359]  
TCGAAATAAAAACATATGAATACAATGCTGCTTGAGGCTACGCC
A   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[391]   GAATTGTCCACAATCAGTGCAGTATTCATAATCTGTATT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[422]   CCGCACTATCAACAAGTTTTCAATATTAATACCTTCGC   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[454]   AGGAAACTGCTCTTCGAACTCATTGTGCCTGTCTTCTGGAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[465]   TCTTGCAATCATCGCCCTATTTTTTTCGCTTGCCATCAT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[475]   ATATTTCTCTTCTTCCATATATCACCCGCCCCATTTATCGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[559]   AAAGGCACGCAGTGTGAACACGTACAGTTTGAGTTCAGCACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[580]   GAAGGTTAAATCGGCATTCGTCTTGCCGTTTATGATGACGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[611]  
ATGGCGTCCCTTCTGTAAGAAAGGAAAGGTGACCTGCGGTTGAG
T   45  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[643]   GAGTGGCGAACAGGTGGTGAACTGTAATGAGCAGACTGAATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑28[718]   GAGGAGGCCACGGTACTGGAGCAGTCGG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[247]  
AAAAAAGAAAAGTGACGGACTGGGCAGAGCCCGAGGCAGGCGT
GACA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[287]   CTCTGACTTGCTATCCCTCAAGTCAAACGGTGCAATGGAATA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[350]   CAAGTGGCATCCCTCAAAACGGGCATGTTTGGACCGGCGCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[392]   TTTTCCTCGACATTGCTCCGTGTGTTTATTCTGTTATCGCTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[455]   ATGATGTCACACTGGAGGGCATACCAAGTTCTCTGCCATTAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[529]   TACAAATCGTCCCGTACTGTCACCGTGACCGGCTGAGG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[560]   CTGACACCGCCAATCGTATCGTGTCAAAATTGAGCTTTTTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[581]   ACCGCTAACTGAGCCAGTTTCAGACGGCAAACATTTGATGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[644]   TTGAGCACTTCCGCTGGAAAGTGGTGATGGCTATTGCCTTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑29[707]   CTCTGAAGTGATGAAATTCAGGACGCTTTCTGTCCCCCGT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[226]   AGGAATGCGCGTTTACCGCCG   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[245]   CGGCAGAATCACCAGCGTAGCGCGACTCTTGAAGGAATTTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[266]   CCATCACCTGGCTTCAAGGCGCGGACACTGTTCTGTGCCGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[287]   CCATGTCGCCCAGCTTTGGTCCAAAACGATCACTGCTGGCTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[308]  
CCTCTTTCTCTTAAGTGGCGTTGCAAATTTATCCGGTTTGCCGGTT
CAG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[602]   TCAGCCAGTGAAGGGTAACAGCGGCAGGGTCAGCAACGCTGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[623]   GTACGCCAGACGGAGCGCTGCGATGCCCGCCTGTAAGGGGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[686]   GCCGCGTAGGGATTAACTGAACTGGGAATGATGAGCCGTACT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑3[700]  
GAGCAACGGAACAGGGCTGAAATGATTTGCCCGTAAGGGGCACG
GGCAA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[307]   AAATCCAAGGTGGAAGAGGGAGCAATGCTTGGAACCATTCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[328]   CGGCAACCCAAAGTTCTCAATAGTGCGTTGCTTAACATCAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[338]   AAAGCGTAATCAAGCGAGCAAGGCAGGGAAAATTCAGATGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[412]   CTACAGCGATCCACTCGTTATCATGTTTTCGTCTTATCGATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[475]   TTGCGGTATCGTTATCTGGGTTGGACGGTATTAAATAGTGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[496]   ATCTTGGCGGTAAATGCGTGGACAGGCTGACAGTCCAGAAGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[517]   AGGTTGAAGGGCGATCCGGCGCGCAACTGGCGCTGGGGAATA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[538]   AGCAGATCGTTCCGGATTGCCCGGAAACCACATACGATGGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[594]   GCCGCATGGAGGCCGTCGGGGTCAGTATGGGGCGACAGCCAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[664]   GAACGTTACGCGCCCCACGCTAGTCTGGTCGGCGGAGTGCCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑30[708]   CCAGCGTGGTGCTCTGCGTGCGGAGTCGTTACAG   34  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[257]   TTAGCGAGATTACAAAATCACCGATTCTCAAC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[308]   AACTCGTATTCTGCGTAAAACCTCAACTTCGGCAGTCTGAAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[319]   ATGGGGATAAGTGGTGAACCATCAGAGTGAATTTTCGG   38  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[329]   TCAAGCACAGTTTAAAGTGCTTTTGCCGGACAGGACGCCCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[413]   TAAAGGCATTGCAGCTTGCATTCATACGGATAGTCTGTACCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[497]   GAGGAGTGACGGAGGATAACGGCGCTGTACTGGATACGCGTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[518]   AAGGATGGCTGCTGGAAAAAGAGTATCAATATCAAATCAGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[539]   AATGCCACGAATCCCATCTCGCATGATTATTACTTTCGGAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[602]   GGCCTCAGTCGTCGCGTCGGGCGAGCGAATGTCGCAAGG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[655]  
GCGTGAAGACGAATAACGATGCGCTACTGATCTTAACAGCACCA
C   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[665]   GCCGGGCGAAATCCTTTCTGTAGGATATCCGGCAGCGGTGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑31[697]   CGTACACAGAGATAGGTGGAGGCAAGGCGGT   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[370]   GTGCAAATACATTCAATCAATATTTTTTTAACTATAAAGCGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[401]   CTTAGAAATGGAGAAATGTCGTAGCCATTGCATTTATGTTAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[433]   TTCCTCAGCGCCAGATATAAGCAGCCCTTAATGAAAACTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[475]   GCCCAGATGCAAAACGATAAAGTGCGCGCGTTCTGCTTTTAA   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[506]   ACTGGGCAGCAACCAGCAGCCGCCTCGAGCTTTTCGAATGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[601]   ACGGAAACAGTTAGTTTCAGATAACCGTATCAGCCTTCGTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[622]   TGGATGCAGCCGCTGGCGCATCCTATCGCGGTGACCCGATAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[674]   CAGGACGGTTCAGAGGTGAAACACGGGGCTGTGAATGCCTG   41  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑32[697]   TCACCGGGATGGCGGAAGAACGCCGACG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[268]   ACAGGAGTCATTGGACAGAGTTACCTAACAGGGAATTCTGTATC   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[371]   GACTATCCGATTGGCGCGACAGTTGACGACGACATATGGTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[392]   ATCAATACGGATAAACTATTACAACCCTAACCATTGATTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[434]   TCACATCCATCAGGCTCGGTGCGAGTGTTCAGTAAATCGGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[445]   GGAATTTCTTTTCTGTTAAGAAGATCCAGTCAGAGCATGGCCATC   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[550]   ATCAGATAACTGTGGGCCATTTATCTCCGGCACGGTACATGACCA   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[623]   TCAGCGCAGGTGAGCCGGTCAATTCAGGGGAGCGGCGTTTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[634]   TTTGGCAGATTGCGCTTTGAAACCGGCGTCCCGGTTATATTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑33[686]   ATGCACCGGAAATCGACCTGATCTAACCTGTACGGTATGG   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[349]   GCGTTTACTAAAGATCTCGGCTTACCTCTGGCGGTCGTCCTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[359]   GCTATTTGCACAAACGCGGGGGTCAGTTGCTTGATGGTTTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[422]   GGAATTGCCATGTGTGGTCTCGGAGTTCTCGCTGGTATCATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[454]   TATGGTTAAAGCATATATTATTAATATTGAGATAATGCTGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[465]   GAAGATTAAGATAACTGGGTATATGAGTAAAGTTCAAATCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[475]   AAACCTTTGAGGATATTTACTGGACTCGACATCAGTAATTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[559]   CGGGGCGACGACGACGGCACGTCAGCGTGGAGGTTCGCGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[580]   AAAAGAGTCACCGCCGTGCAGGCGATGTGCGTGGC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[601]   CGGTCCGGCTGTTGACACGCCGATCCGGAGCAGGAGTTATAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[643]   CACCTGCGCAGCAAATGCCTGTTAACAAACTTTCGTGCGTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑34[687]   GAAACGGATGGCGCTGACTGTCCTATG   27  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[278]   GCGTTGATAAGTCGCAACAGCGGAAGCTGTGG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[350]   TTGAATGAACGAGGCTCTACGTGGTGTATGCATTTGATGGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[392]   TGAGTATGCATTTTCGAAATACTTACATGGCCTACAGTTTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[455]   GAACCATCCTGAATATGTTAAAGCTAAGAAAACGCAGCAATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[529]   TATTGCGGATACCGGGCGCAAGGACCAGTGAGGAATGACCAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[560]   GTCGAGGTGGTCAGCACGGCCTGAAGGGCGTGAGTTGGATAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[571]   AGCCCCGACGCGTTGGCACCTGGAAGACCAATGGT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[581]   GGGCTATCGGACGACGGCAGTTCCGTCTGACCGTATGCCGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑35[644]   GCAAAGGGTCCGGCGTAAGGTTGCAGCGAACTGAGTGGCCAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[328]  
GTACTAAAAATTGCTTTAAGGTTCCTGGGATAAGCCAAGTTCATT
TT   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[338]   ATGAAGACAGTGCGGAAACACCTAAATCGAGGCTGCTTTAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[391]   GGGATAATCATACGTTAAATCATTGATGCCATTAAGTTATAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[412]   AATCGATTTTCCTCAGTTGATTCAAAACAATGTGCTGCT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[475]   AGCTATGTCTTGCGCTCAATACGTTGGCAGGAATTAGTTGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[496]   TGAATACGGTGAACAGCCAGACGGTGGTCGTGTGCGGCTGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[517]   CCGTGTTGCTGACGCTCGACCTGACTATGCCGGTAGCACACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[538]   CGGCGTGCACGCTGCCATCCTTGTTATTGAAATCTCTGATTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[573]   AATCCGGTATGCCAGCCATCGTTCCTGCGAGCGGCATTG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[601]   CTGGCGCGGCTTCGTGGTAAGGCTGGTCCACAGCCGACCGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑36[676]   CGGCAACTTTGGCGGCTTCCCGGAGGCT   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[289]   CCCGCTCTTACATGAGAAGGATCAGCGATGGAGAAAAATACTAT   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[308]   GCCCTGAAACAAAAAAACAACAGCATAAATAAC   33  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[319]   GGGCAAAATCCTGGATTCGAGCGTAGGTAACGCTTGCCCAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[329]   TTAAACCGAGGTAAAGCCCTTGCTTTGGGCAAACCGTTGCAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[385]   TAAGGCTAGCAATTAATTCCCATGCAGGCCGAAAGTGTTATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[413]   ATCAGCTAGTATGTGGTTACATGAGCTTGGTGTGTTAAGAGG   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[497]   CACTGCACGGTGCAGCACCTGTATGGGAGCTGAAGGTGTTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[518]   TCAGGTGTGAATGGTGTCACGCGCTGCGCCAGCGAAAGTGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[539]   CACACCGACGGCGAACAGAGTGCTGCGTGAGTATCTCACCGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[655]   GTGAACGGTGCACCAGTATTTTTTCTGATGCGGACGCCCTCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑37[665]   CCTTTGTTTTTTCCGGGACGTGTAAGTTCCGCAATAACGT   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[370]   CCTGACTAATTTTTGCAAGCACTCATACTCACTTCCATCTCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[380]   AGCTTTGTGCATATCTAAAGGCCATTCATACATTAGTGACCGCAA   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[405]   GGTTTGCTACTTAATTTTCTGGCGTCCACTACTCGTGATTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[433]   ATTTAGTTAACTGGTTTTGCGTCCTGTCAGTTAGCGAAAACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[475]   AATCTGTCTTTCCATTGAGCCTGTTTTTTGCAGGTTGCTTTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[506]   CACCCCGGACCCTGACGCTGCCGACCGCCAGGACAGCGGGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[573]   CAGAAGGTGGTTGACGGAAGCCAGCGGATGGTCTGCCCGGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[591]  
CCGGGTCGTGCACGCCCGCACGCGGATGAATATGACCAGAGCGA
TT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[622]   GGTGAGAAGTGATTTGCCGTGACCGGGCGGCGCTTTGGCGTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑38[666]  
ATTTCCGTATGTCGCCCGGTGAGCTTTCCAAGCGGTTATCATGCCG
CG   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[299]   AACCCTGAAAGATTATGTATGGAACAACGCAT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[371]   GATCAACACACCGTGCGTGTTTTAATGGTTTCTTTACCAACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[434]   TCCCGATGCCAATATCTAAGTTTATGCCGCGTTCGCTATCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[445]   TGGTTGTGCGCGATTTATGAGAGATGAACCTTTAACCACTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[550]   AGACACTTTGAAGGTGGCGGACGAGCACCGGCTGGTTCTTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[613]  
CGTGAGTGCGGGTGATCGGTGAACGTATCCCCCTGGCAGCTGCGT
CAAA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[623]   CACGAAGTCCCATGACACAGAGAGGGGGAAAGATAAATGCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑39[634]   AATACCTGGATGAGCAGTTACGCCTTTTGAAACGAAAAAGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[314]   GCGAGCTAAACCACCGCGAACGTGGCTGGTTCTATGGTACGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[363]   CATTCGTCGCTCCTGAAACAGTAAAACAGTATGACCCAT   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[632]   GTAATGGCCGGCCGGACCGGTTTTACGCCAGTGTTCCGGGCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[650]  
GCAGTACGAAGGCGTACCAGCGCCGGTGAAAGGGAGGTTGTGG
AGTTCA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[667]   GAGTTCCCGGTTGATGTTGATGGTAGCATGA   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑4[750]   TGAATAACGTCATGTCGATAATCCGCTGGCGC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[349]  
ATACTAAGCTTTTTTGGTTGTAATTACCTTCAACCTCAAGCCAGAA
T   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[359]   TGACTTTGAGGCCCCATTCTTGTGGACTATTGTATATCAAAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[405]   CTGCCTGATGCGATTCAGCGAGAGAATAGTGTGTGGCCATCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[422]   GTGGGGCGGTGCGCTTTCTGCATGAACTAGATGAACAAGGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[454]   ATCCATCCATTGGCAGCTAATCTTCTGCTTTGAATGTATCAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[465]   CGTGTTTGCTGTTGTGGTCGCTGATATCCATATCCCTATACA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[475]   TTCGCGGCGCACTTACGGCCAATGCTGCCTCTCTGCGCGACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[559]   CGGCGACATTGACCCGAACAAACGCTGACGTTCGTCCGGTAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[580]   GGGATGCTTATCGCGGATTTCAGCGTCTGGCTGAGCTGTTCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[632]   CTCGTGGCTGAGGCAGATTTCCCCCAGTAAAGATA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑40[655]   ATAAGTTCCGCTGTGTGCCTATCTGGAT   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[310]   TCTTTTTTTCATGGAGGTTGCAATGCCCCGAGTAAAA   37  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[350]   AAGCTGCCCCCATCTTGTCTGTTCTTCAACGCTAACGGCTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[455]   CCATGTGATTCAGCCAGCACTCAACCAACAGGGGATTTGTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[529]   AATAAGGTAACTGTTCCGGCACGGCTGGCGCCGCTTCATCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[560]   ATAAGCCGCTTCGCCATGTACGAAACGCAGACCGTTGGGAGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑41[644]   ATATCTCGGAAGACTGGCTGCGTCTGCCGGGGGACGATTC   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[391]   AAAGCTTCTCAACAGCCTGCTCTGTGGGTTTAGTGCTGACTA   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[405]   AACATTCCTCAGGTGAGAAAGTTGTAGTAGAGCGTCAGAATT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[475]   ACACACCATGTCAACACCGCCAGAGAACTGTCGTTTCGTATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[496]   CGGATGACTGACCACACAGCGATCACCTGTAATGCATCCGCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[517]   ACCGCAGTGGGATGTGCTCAGTTTGGCGGCACGGAAACGTCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[538]   CGGATAATGCTCGGCGATGCGGACCAGTCAGTGCCTGGATAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[580]   GTGCTGTTTTGGAGCGATCTGGCGGGGATTGAGATTGCTGCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[601]   ACAGCCGTTTACTGCGGCGACCCGACAAATGGCAGCGCCGCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑42[645]   AATCTGGAGGCGACGGGAATCTCGCAT   27  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[320]   TCTCTGGCGATTGAAGATACATCTCGTAGATT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[392]   GCATTTAAACATGAGAAAAAAGTAAAGGTTCTAAGCGTCAGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[497]   CCAGCCGACGAAGATGGATGCGCGCCGTTCCGCTAGTGATGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[518]   GCGCCGGGCCCGTTACGGTCGAGCGCCCTGAAGGAACCTATA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[539]   AAACAGAGTTGAAGATACGCAAATGCCGTTGAGGTCGACCGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑43[602]   GGCTGCAGGTGTGACGGACTGTTTCATCGTGAGGACAGCGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[370]  
TGACCGCGCCAAACGTCTCTTTTATCAGCTATGCGCCGACCAGAA
CA   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[380]   TAACACCTGGGGCTTGGACCTTTGCAGGGTAATGCGGCATAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[433]   GCAGGGGGGCATTCTGGTCAGATTTTTACCTGAACTTTG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[475]   GCAGATGCTATTTATTTTTCAATAAACCGTTAATTTATCACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[506]   CGCTAAGGCGTAATGTGCAGCTTCTAATGTTGGGGCAGTCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑44[634]   ACAACTGAGCAAACGAGAGAAAACGGGG   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[331]   GCAGAATCACTGCCGCTTCGGCTAAACGACAGACGACGTGGATA   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[371]   CCGCATCAGCCTGTTGGTGCGGGCTATGCAGAAATAAACACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[434]   CCCCGCGTTCTTCAGGGCTTATGCGTCCTGCTGATATTTTTT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[445]   GCATGGATTCCTTACCCGTAAGGTCCAGGCTAGCCAAGGGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[550]   TGGAGAGCTTACTGCTGCGGGCGACCGGTACCAGTCCGCGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[613]   TGGTGAGCACGGTGCAGTTGTGGCCACGCCGCAGAATCCCAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑45[623]   ACGGCCAGGCTGTATCAGGTGTGCTGCACCATATTCCTGA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[412]   ATTCCCCATGTTATGTTCTGAAATTAAGGAAAACAGGAGCCA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[454]   AGGCAAAGTTGGAAAACAAGGTCATGTAGCCGCTTCAAAGCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[465]   GGGCGTTGTATGTTATCTGGTATTTCCAAAGCCCGGAATCGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[475]   TGTGTTTTATGAATGAACGATGCAGAAAACTACAATTGGTTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[552]   TGGGACGCTGTATGTCATCGCGCATCTGACGGCTGGTGTATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[580]   TCAGAAACGGGCGGGACGTCAAATTCATATTGTTCTGCCGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑46[624]  
GCTGAAGCCATCCGGGTCGTGTGAGGTACAGGCGAGCCCGTTGTT
GAC   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[341]   GTAAACTCATCACCCCGATCAGTTTCTTGAAG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[406]  
AACGACCTTCATGGATTGCATGGGATCACACAACGGAACAACAG
TGAAA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[455]   CGCCAGTGTATGTTTTTTATAGCTATGTTTAGTGAGATCGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[529]   TTCGACGTGGCCGCCATGGCCATTGCTGTGGGCGATGAGTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[560]  
GGAACGGGGGCATGGCGGCCAGTACTGCCTGTATGGCAGGACGA
AC   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑47[574]  
CAGTGCCGAATCACCACACTCCCTCTGGGGGGATTTACAACGCGT
TTCG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[391]  
GCGCTTATTTATGAATATACATCATTTGTTTTGGTAAAGAGAAAA
GT   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[402]   AGGTATTTACTTAATTCGCTTTCCCTTGGGTACAGGGTC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[475]   GGCGATAACTAAGGGCATAGACAATAAAGTGGCAATGCCGAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[496]   GTGAGCCCAAAACGCTCTGGTCACAGACCAGCTGCTAAGGGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[517]   GAGCAGTCACTGAAATCATCGCAGGATGACGCCGGGTATCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[538]   GTCGGCGACAGTGCTACCCGACCCGTTTAATATCCGGGTAAC   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[559]   GCCAAGTCAGGTACGGCAATACAGCGATCAGGTACCGCCGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑48[613]   CATGAGACTCTGCCTGATGCTTTACCGC   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[352]   CCTTGCCGATCATATCCCTCAAGTCTGTCATGGGCTTACCTAAG   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[392]   GCGATAAATGAAGATTCTTGCTCATAATTCAATCCTTATTGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[434]   GAGAGATCGGCGCTGAGGCCGGGTTAGGTCTGTTTGGTAGGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[497]   CTACGGCTGTGGGATATGCTGTTATCATCTGCGCGCCAGCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[518]   TGGTGCGGCAACAACATGGCCTCTGCAGGTGCCGTGGACTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[539]   ATGGGCGGAACGTTTAAACCGTAACCCGCAGACGCGGCACTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[592]  
GGTCGACGCAGCCGCAAGGCGATGGCCGGACTTACACATGAGGC
CACC   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑49[602]   TCGACCTCACTGGCCACACAGCGGGTTAACGGCGCAGTTA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[226]   CTGGCTAACCGTACAGGTTAACGC   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[266]   GCCAGTGTCATCAAGGGACGAATACGAGGAAAGAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[329]  
GACACGTCCTGTGGCGAAGAGGCAGAAGTCCAGACATGCTCGCG
GT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[686]   CGGGCGGGAAGGTGCTGACCACGTGAACAAAGCGA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[700]   GGTGTCCAGCTTCGTAAAAAGAAACTGGTAAAGGAGTTAACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[718]   AACCCTGGGCCGCCTGAGGCAGAACGGGAAGGCAGCAAGCG   41  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑5[728]   CAGGCCTCCACGGAAGGCTGAGCCCGTGGATATCGCAGTCGGCG   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑50[475]   ATATACCATCATGGTTCCTGCATATGATAGACTACCGATGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑50[506]   CACCGTCATATCGGCAGGGCGTATTGGTGTCATGGGGAGCCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑50[559]   GTATGACCGGCACGACGGCGTATTCCAGATTGTCCGCCGGTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑50[603]  
CGGAGCCACCCTTGCAGATCATTGCGCTGTGCACGTCCTCCCGGA
TTT   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑51[362]   GTAAGTCGCATAAAAACTTTATTTTTGCTGCG   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑51[434]   GGTCAAAAAAGAAGCACAGCCAGCAGAGGGTTCTTGTTCTCT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑51[445]   ATAGAAAACCCTGAATTTGAATTTGTGCTCAGCTGCCCATTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑52[412]  
GCCTTCACGATTAAAAAATCTCTGAACGCGCTCTCCACTGCTTAA
TG   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑52[454]  
CTGAAAAAGAAAGAAAACGTCGTCGGCGAGAAAAAATGCTGGT
TAT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑52[475]   CCCCAAGAGATAGCAAATGCTTACGATGCCATGACAATGTCG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑52[592]   AGATGCTGGCACCGAAAGCCCCAGGGCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[373]   TTTTCCATCGATTCTTTCCCCATTCTTCAATTGCAGGCCAGTTG   44  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[413]   ACCTGCAATCTTCTGAACCAGTGTTCTTAATATCTTGGTGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[427]   ATTATATAACCCGCCGTTCTGCTTTAGAGCGATTTGGTGATG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[455]   CCAAGCTTCTAATCTTGGCCAAAGGCAGCAATCAGCTATGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[529]   GAATGCAGGTCGAACTAGCATACAGCGGATGGGACGGCCGAT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[571]   GGCCCAGAGTGGATTGCCTGAGCGCCTTTACCGTCACCGCTTCAT   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑53[581]   ATTGCCGGCATGGGGGGCAGCGTGCTCGGTGGTGTGGCGC   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[258]   CGACCTGGATGGTTGGATGGCGGTACTGATGATGATAAA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[279]   TGTCGATATCGCCAGATTATCCCTTTCTCGACAAACAATAAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[300]   GGACTCCAGTGAATAAATATGTGATCATCAACTCAATAC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[331]  
TGAGCGGTAACGCAGATCGGATGAGCGTTATTGGTATGGTGAAG
A   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[370]   TGGGGTCAAAGTCCCTGCTTAGAACAGAAACTCAAATACGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[384]   CAGGCCTGCCGCGAACGACGATCGAAAAACGC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[419]  
CATTACTACATCAGGATGCGACTGCCACCGGTAATTCTTATTCAG
CATT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[601]   GATGATTATTTTGTAGGCTGACACCGTGAACCGACCTGC   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[615]   TGAAAGAAGCCAGGCTCTGCGGATAAAAGTTTGCTGCCGCGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[650]   TGGGGTGGAAAGCCAGACGGACGTTCACAGAAACAGGTTTTG   42  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[667]   TTAGCTTACGGGGGAAACGTGATCGAACGGTGCGGTGAAATCTTT   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[706]   GGAGTTATACGTTTTTCGTCCGATACGGCGGCGTTCGTG   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[720]  
GGTGGGGTTCCGTGGGTACGCCGGAATATAACCGCGTTGCTTTGC
C   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑54[739]   TTCTGCTTAAGCTGGTGGCGGCCGCT   26  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[383]   CAATGATTCGTCATCTAAAAAGATGGGAATCC   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[427]  
AAGCTTCCGATTAGAAACAGTTCTGGCACGGATGTGGTCGGCTCC
CCTC   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[497]   AAAACCAGGAAAAAGACATCAGAAACCACCTCAAAGGTGTAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[518]   GCCTCGGACGTAACGGTGGCTAGGAATCCGTCGGAGACCGTC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[539]  
CTGCCGCAACGGTAAGGGTTCAGATACATGGTGATGGATGCGAT
GT   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑55[553]   TTTTCTCTCGGTGCCCCCGTATACAGACCCTCACT   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[423]   CTATGTCAGATAAACCAATCAACTG   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[433]   ATCAGTGAACATCGTCTTTGGTGTCCGCATAATTA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[454]   GCATGATTCTGTGTCCCACCAGGAATGTAGTGGCGACACCAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[475]   TTATTACTCCTTAACTTTGCCCACCTGCGGTAACGTAAGGAA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[496]   AGGCACTTGGGTACGGAAGTGCCGGCTCCGAGACGTCACGGT   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[517]   TGCGCTTACACGCCGATCACCCGCACCA   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[531]   AAACATCAGTCCGCCTGCTCAGAACACCGTCACGCGTTCTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑56[582]  
ATGTTCTGCCTGTTCTATGGTTGCAGAACTCAGTATGCATTGGGTG
GG   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑57[394]   ACATTCCTTTCCACAAACAGCGAGGCACTCTTGAATAATTGAC   43  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑57[466]  
AGGACCATCTGATTGCACATACTCCAACAAAGTGGGTAATGCAT
ATGG   48  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑57[560]   GGATAACGTACGGGGAAATGCAGCACGGCAGACGAAGGGG   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑58[433]  
GGTAGCTTCAATATCTGTTGCGCTTAATGACTATATCCAATGAGTC
A   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑58[475]   ATTCCAGCCATCTCTTCAGCTATCTCTGGTGCCTTTTAAAAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑58[506]   CCTAAATATGTACCTTCGGGTGACGGGTGACCCTCGCAACAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑58[517]   GGGATTTGTGAGCAGGAGCAGACATGTGGTTTTTCCGCCGGA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑58[571]   ACGGTGGTCAGGTTGTGGTGTCATTTAT   28  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑59[404]   CGGCCGATGAAATGCATACCTTCACCGTTGTT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑59[455]   CTCCTGACTTTTCATTTAATAACCTTCTTGCGTAGCTGAGAG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑59[532]   TTACGGGTTTCTCACGCTGATGCAAAATAAACCGC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑59[550]   ATCGCGTGGGTATTTCTAACGGATCGTCCTG   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[289]   GGCAGCCAGTTTATCTGAACTTCCGTTAATCAGAAATTGCTG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[314]   TGAAAATTAATCTGGTAGCAAAGATAAATTAGTCTTTTTTTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[338]   GTTTCAGCCATCAATATTACCGGAAATGGATTTTTTGCGCAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[363]   GCCGTCTGTTGCGAGTGCAGCAAAGAGGGGCTAAATTAA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[584]   AAAGAGGGCGTTCGGTCAGGTTGTA   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[615]   CCGGCGTCAGTATATGAAAGAGACGACCGTATACAATGA   39  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑6[750]   GAGTGGGAAGAGAGCGGAAGTCCGGCTGGAGT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑60[454]   ATTTTTAATCCCGGCCTTTTTGCTAATGTCTGAAAA   36  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑60[464]   GCGCAATATGTATATCATAATTAATATGTAAGAAA   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑60[475]   CTTGTTCATAATGTTCTGTTAAAATATCGGAGCATTGGTGAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑60[517]   GGACACTTGCTGCTGAACAGTGTGTGATCGATGCC   35  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑60[561]   GGAGCGTGAGGAATGGCGGTTTTGATTGGTGGAG   34  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑61[415]   AAAAGCTCCCCTTGGCTTCTATGCATGCT   29  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑61[497]   GGTGTTCATACCAACATATCCCGGTGGATGGCTTAAAGGGCC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑61[539]   CTGCGGGGTAAAGGAAGCAGTCCCCGCGCGAAGCGAAGGA   40  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑62[446]   TTGAGGTTTTTATAATTTTGCCCTAAGTATCGCCAAATACA   41  
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51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑62[496]  
GATTGAAGGTCTCCGGCCTCATCTTTTGCCCGCAGCTGATAGAGA
G   46  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑62[510]   ATCAGCGAAAAGCGGAGGGGACGGGCTGGAAT   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑62[550]  
CAACCTGAAGTCCACGCAGTTGCTGAACGCATAAAGGGGCCGGT
GCT   47  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑63[425]   ATATCCTTGGCAACCTTGACGGGTTAAAAATA   32  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[236]   ACAGTACGACGAAAAGCCAACAACCGC   27  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[287]   TTAGTGACGACGGCTGGCGATTGGCTGAACGTAATACCCTGC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[329]   ATCAGTAATTAAGGCAACGCCTCAT   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[350]   GCATCGCGTAAATTTGCCATTATGCCATGGATTCAATTCATC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[623]   TGTTGATTTGGGGTGTGTTATGATTTCAACAGAACCGGTGGG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[644]  
CTCCGGCAGTGGTGTCGCATACCTCAGTCGACCGGCCCGGCGTCT
GGCA   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑7[665]   TGCCGTTGGTGAACTCAGCGTGTGA   25  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[258]  
CGGATCGCCGCAGGTTCAGCCGAACGAAAAACGGGATCGACCG
GTGCCG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[300]  
TAAGCGTATGCTTTGCGAAATAGCGTTCGTGACGCGTCTGCCGCA
TAGC   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[370]   AGGAGAGGAAAGGCTGGCATCACCTTGGCACGGGCGTTTTTA   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[384]  
GAACCTGAGGTCTTAGGCCGCCAATTATAGCAAGTACTTCCTAGG
CGAT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[394]   AGAGGTATTGCCTGCTGCTTTGAATGATTTC   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[583]   AGACGAAAGATAACGATGAAAGCATGGATGT   31  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[594]  
TGCGCAGGCCGCTGCAAGGCAGCTGAAAGGGCGATAGCAAATG
AAGGCG   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[678]  
AGTGAGAGCTGTCTTACGTTTATTGCCGAGTACCGCTTCCCTTTTC
ACT   49  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[688]  
ATTACAGAGGGCCAGCGGGCAGATTTGTTGACATGCCATGGCGC
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[706]   TGGCGGAACGGGCGGTGACAGTCACTCAGCCACGCGCAGAAC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑8[739]   ATGGCGGCGATGTGATGACAGAAA   24  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[226]   GGATCTATGAAAGATTCGGTA   21  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[249]   ACAACAAACAAAGCAACGCCAAACTCCGCGATAAGTGGACCCA   43  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[315]   CATAAACGCATGACGATCGCTGGACTATGTCGACAGGCAACG   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[340]  
ACCCGAAATATGCAAGGGAAATCGTATCGCGCAATGCGTGGCTG
G   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[634]   GCCCGCTGAGTGCAGACTGGCGTGTGGCGTGGTCGATGCTGGCTG   45  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[641]   GGATGACGGATTCATCGATTGCTTAGTGCAGACTGCCATACC   42  
51K-­‐‑VR-­‐‑Base-­‐‑Bot-­‐‑9[651]   GGCTTCGCCTGACGGCAGGGGCAGAATGGCTATTTTGTGTAT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑0[447]   TCTGGATGTGCTGATGAAAGTTATCCGAAGAGCCTCC   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑0[468]   AGGCGATCGCAGGAGGTCCGCTTTTGCAGAAACGT   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑0[489]   CCGTCTATGACGTGGCCACCGCCATTGCGT   30  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑0[510]   TCGTTGAACGGTCCGTATATCAGAGCGGAAGAATT   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑1[518]   GATGATGTCGACGAAGTGGTTTCCTACCCAAAACCAAGGGG   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑11[446]   GACTCACCGTACAGGTTGTGAACGGCTAAGTTTC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑11[483]   AATACTCCCTACTGTTAGCGAGCGAAATATGATTATGT   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑11[511]   ATTTTAGCTCTGCTTCCAGATCCTCCTGGGCATTGCAT   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑12[405]   AACAAGCCTGCTCAGTGGGACAAATCAATAGCTTCTGTGCGC   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑12[437]   GCGGTTTTTAATCTGCAAAGATGAGGAGGCTTTGAGATCAG   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑12[464]   GTATGCCTGTGTGAAGTGACATATCGGTTTGGGTCAGCATATT   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑13[406]   TACTGAAACAGGCGTGGCGAACGGTGTATTACCGAGCGTTGC   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑13[483]   TGGTTTCCGAGATAACACCTATAACGCCAACGGTAACT   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑13[511]   CTTTCCCAGTCCGTGGCAGATATAGCCTGGACGCAACT   38  
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51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑14[429]   ATAGTCAGGTCTTGCCGGGGTTTGCTACCATAAAAGA   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑15[441]   ATCCTCGCCGGACTTGCGAGGTCATAATGTAT   32  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑15[462]   CCATTCGAGCATTAAACGTGACGGGAATGTCGTCT   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑15[490]   GTTCGATTCCAGGATTCTGATGTGTTGCGCTGTAATCG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑15[504]   CAGAAACTGCGATGCGATGCAGATTTTACAAAGGC   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑16[412]   CCGGGAAAAGTAAAGAACGACTGTCAGAGAAAACGATGAATG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑16[454]   CAAAAAATATGGTGGACGGCTAACGCTGGCCAGGAT   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑16[475]  
GCATATTCTTTTGCAAATATCAGAGTGGAAGTGTGTTCAAAACGC
A   46  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑16[496]   CGATAGTTACTAACGCTAGGAATGC   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑16[517]  
CCCGTAATACTTCCAGGTCACCATGCATTTATAAATTGACCTCCA
AC   47  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑17[420]   TGTAATTCCTGTGCTGGAAGTTCACGTGCAGCGCGAAGATTA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑17[490]   CAGCGTCATCCCATCCGTCTTCGACCAGACACTC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[433]   ATTATCAAGGCAGCGTGCGCGTTCCAAATACATACAGATGGC   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[442]   TCCGAGCTAACGATGTTATCAAATCAAGACAGCGAC   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[454]   ATCGCGAACACGGGATATGGCACTCGGGCGGCGGAGGGCCA   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[475]   ACCGAGGAAACATCGGGATTATCGACGTGGATATGCGT   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[496]   ACTCTCCTTTGATGCGATTATCATC   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑18[524]   TTTCACAAGCGTTATCTACTCACCTATCAGTTTAGCAATAGTTTTG   46  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑19[427]   AACCGGCGCGAGGCTGACCCGCTTCTGCGTATCTGC   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑19[455]   ATGTGCTGAGGCCCGGACACCGACGCTGAGCGCATCCGCCTTC   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑19[476]   CTCGGAAGCAGAAAAACGATCTGGA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑19[497]   ATCCGGGAGAGTGGAACGAATTTAACCGGTCTTATCCTGGAG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑19[518]   AAGCCTGATATCGCCGCACACCGACCATCTAAACGTC   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑2[419]  
CCGTCGCATTACAAGAAGAGGCGCAGAATCACGGCCGTCTTGTT
AC   46  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑2[436]   ACAGTGGCGCACAGACCCGACGTCGCCCATCAGC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑20[401]   GTGCAGGCGGGACGCCAAATGAAGACCTGGCGCCCCTG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑20[482]   AGGATATGTAATCTGCACCGATGAAACCATTACACAGTCA   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[413]   CCTGAAAGCGTTGCTGCAGGCAAGGTCAGAGTCAGAACG   39  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[427]  
GACGGAGGATGACGTAACGGCCAGATTTTCTGCGGGGCAGATGG
C   45  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[455]   GAAGGGATCTGGTCGTTCGAAAAACAGCGTTTAACGT   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[476]   TGGCTTCCGGCGACGCGCTGGGTGA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[497]   TTCTGAACTGACCATCGCTTTGTGTCATGCTGGTGCT   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑21[518]   ATTTTACCAGGGCATCGTGGCATC   24  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑22[405]  
ACGGGAATAAGGTCCAACAGTCGCATAAAGCTAAGACCTCTACT
GCGAG   49  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑22[447]   GTTGTTGTAATACTATTACGTGGCGCGAGATCGTTATGGAGC   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑22[468]   GCATTACAGCAGGATCTATCGGATGTTTACCGCA   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑22[510]   TTTTTAAATGAGACAACCGATAAGCGCTTCTGCGTCCGTTCA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑22[524]   TCAGGCATCTTTCATTAAGTACTCGGAGTAGCAGTCTG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑23[420]  
TGACCTCTCTTGCTCCTTCACTGCACTGTGGTTATTCAACCCGTGC
ATT   49  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑24[419]   CGCGCTACTCGTTCGACGAAAAAGCGGAATGGAGTGGGAAGA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑24[468]   GTAGGCAGACGAAGCTCACTTCTCGTTCTGAAAC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑24[524]   TGCACAAGTGGTCAGGTGCAGTGCTTGGTCTGCCGGCGCA   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑25[434]   TTTGTGCCTAACTGAATGGGCTTAGGGCAGTACACTTTATGA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑25[455]   GTCAACAAGCAGTGGATGCCAAAACACCAACCAAGGCCAGACG   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑25[488]   CCGCGTCTGAACCTAGAGTTAATTCAAGCACAATCGATTCCAAT   44  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑25[497]   ACAACTTGCTGCTGAATCAGGGTGAGATGATTTTTCGACAAT   42  
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51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑26[468]   CTGGCTGGCAGGACGTGTTACCAATTTCCCTCGT   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑26[524]   TGCCTGAAAAAACCCATATCGCATCCTGAACCCTAGCAGCAT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑27[420]   CGGACATGCCGAAGATCGCAGAGCCAAAACAGATTAAGACGA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑27[434]   ACAGAGGAGCTTTGTGATGCCTGGAAAGGAAGAT   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑27[455]   GTGGTCGAATTTAGGGAATACCGAAGAGCAACAA   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑27[497]   TTACTCTGAACACGGACTAGTCTTCAACTGCCG   33  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑28[440]   AAAAGCCATGGATATTGCAGACATGGTAAGAAAATG   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑28[461]   TGCTCTATCCAATTCTGGGAATACCGGCCTGGACGGT   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑28[503]   TCCAGCGGTCGCGCAACACGCAGACTCTACCGATCTC   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑29[413]   CACAGGCTCTGGTGCAGGTAAAGTTGTCCATATGAAATCGTG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑29[455]   TCCGGTCTGGAGACGCGAAAAGAAATCCCATGTGAAATCAACG   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑29[498]   GGTCACGCAGTCGTTGACGCTTACGACATCATTAATGATGT   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑29[518]   CCAGTCGTCACTTTCTACTGGGTTTCTTTCCAAATCC   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑3[403]   GCATGGGACGACCCGCACTGTCTGCACAGGAAGTT   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑3[420]   GTATAAAGGCAGGTGAAGGTCTGCTGACCTGATGG   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑3[469]   CGCAGTACCGGAGGTGAGTCCGGTA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑3[507]   GTGAATCAGAAATATTGTGGACACACCATCACGCTCATGGTAT   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑30[485]   GTTATGGAGCGCGTGAGATGACTTT   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑31[406]   CCGCAGATGAGCACGGAGCTTTCAGAAGCTGCACTAGCGGTG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑31[427]   ACGTTTTGACGGGCATGATAAATGTGGGGAGGGAACCTCG   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑31[483]   ATCCTCGTTCTCCTAGTTCCTGGAAAA   27  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑31[518]   TGCTGTATTACACGCGACGCGAAATTCACTGTGTTTATGTAAAG   44  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑32[412]  
TCGCCAGCGGTGAATGTGGAAAGTCAGACAGCAACAATCATTAC
GGGCA   49  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑32[440]   GGTGCGCCCTGTCTGGTCCTGTCCAGAGCTTAGGGCAA   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑32[517]   TCACACGAGGCTTGGTGAGCATAACAAAAAA   31  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑33[490]   AAACTCCTTGCAATGTTCAACCCGA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑34[444]  
AGCGTACGGAACGCTGGGCTGCCTGGATCCTTTCAGGGGGCGAC
C   45  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑34[475]   ATGTTGCGAGAACACGGGCATTCAACCGGGGA   32  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑34[531]   AAACCAACGGGTGTTGTACCACCTCCTAACCAGCGGATG   39  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[399]   CGAAGCGGGCTTACAATCCTGGAAAAAGTGCT   32  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[420]   TAGGGCTGACGGCTTGCAGGCGGCGGAGAGTCAGGGGATTT   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[441]   TCGCCAGCTGACCGTTTCGGTGAGTGACGTGTATGCCGATTT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[462]   GTCGGCCTGAAGGCGTGTAAGGGCGAGTGGACTGGTCCT   39  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[475]   AGATTCAACAGGGTGGAACAGCCAAGGTCGGGAGC   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑35[504]   CATGCCTCTGGCACAGTTTATTTAGGTACAACAGTTGCCCAT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑36[454]   GGGAAGTTCCACCGGCGAGACCAGACGGTGCTGACCATCAC   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑36[496]   TCAGTAGCCGCGCACAGTCCCGGACGAAAACAA   33  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑36[517]   AACAGTCACACAATAACACTTCGATTGGACGAAAGGCCGGAGG   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑37[427]   CAGAGTGAAAGCGGCGTCATTTTGACGAGCAGATGACGACAT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑38[412]  
CGGCGGCCAGGCGGTGACCGTACCGTGAACGGCCAAAAGGCCTG
AAATA   49  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑38[454]   TAAGCTCCTCTCGACAGGAGTGATGGATTTGAG   33  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑38[482]   GGGGCACTGGTGAGGTGATCGTTGAACAGTCGTGGCCA   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑38[496]   AACGGAGGAAGTTGCCTGCCGGCTGGGGGTAAAA   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑39[403]   CATGACGCTGGGTACTGGAGGAGGCGGCGTCCAGGCAG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑39[427]   AGGCGGCAGGGGGGCCGCCACCCGGATGTGGCGCGCGTGCTG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑4[436]   CAACAGGGCGCTCAGATTGCGTCCACGGCCGGGC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑4[486]   ACCATCAAAAAGCTGCGGGTAACGCATCCGGTTGTT   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑4[514]   GCATGGTGACGGGAGGGGATACCGGAAA   28  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑4[524]   CTTCTTAAGTGCCAGGGTATTGCTAAAGGATATTCCGCAACAGT   44  
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51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑40[412]   AACTCCGGCTGCCCACCAATGGAGCACCTGAACATCGATGTT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑40[454]   AGATCTTAACCCGTGGCTCACAGTTCGGGAATGCAGTATCA   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑40[482]   GCAATCAGGCGCACTCATTCTTGCAGGCGGGTCACCCT   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑40[496]   TGGTGCCACTCAACAACCAAACTAATGGCACAGCTTATTTAT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑41[427]   CTCAACTGGCGTAGGATGATCTGGATTTCAGTCGAGACGACT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑41[448]   CAACAAGGCGGTGGCTTGCCTTCAGCGATGAAGATG   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑41[469]   TTCCGGCGTGGTGGGGGCCACCTCGCTAACGCTGACGGC   39  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑41[490]   ATCGGTCGTTAACCATTGCAATGCTGCATGTTCCGG   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑41[511]   TCTTTCAGTATTCACATGCGCATGCCGTGATG   32  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[419]   AAAACTGCAAATACGGCTCACCTGTGGGATATCAAATCTGCG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[440]   GAAGTATCACCGACATAGATAACCGCTTCCGACCGGTGCGG   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[461]   AGGAGGACGTGTGGCGACCTTACTGGAATCGATAGGGAAGCT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[475]   ACCACTACCCGGTGTGAAAGAACACCAGGGCAGC   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[501]   AGACTCTAACTCATTGATACTCCAGGGGTGTT   32  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑42[517]  
ACGCCCAATTCAGCTAAACGGTATCAGCAATATGCACAACATTG
ATA   47  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑43[406]   CTCCAGCGAGCTAATAACAGGGCGGTATAAAAGCACCGCAGT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑43[476]   TTCAGGAGTGTCATAGATACCAGCA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑43[511]   ATGTTCATTGGTTAATACGCTTGAATGATATAACAGGTCGTTG   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑43[532]   CCGTTTACGTTTCGCGTCCCTGAACTGTCGTTCCTTGACGTTCT   44  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑44[398]  
CGTATAAGAAGCGCGGGCGCGCGCTTGAGACCATCGGCCTTCAA
GG   46  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑44[419]  
TGCTGATGATGATCGTAACGAGGCCGCAATACCGCGACGGTTTTC
CAC   48  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[406]   AACAGACAGAGGACAGGAAGTGCTTACCCCGTTAA   35  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[427]  
CCGCAGAGCCTGTTTCTGATGTCATCCACGGAGTATGCGCGCCGG
GC   47  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[448]   TGTTCGACGGTGAGCTGCGACTGGCGTGCCATGTTTCATGA   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[469]   CCTGAAACTGGTAATCGTTTTGTGATATGCCGCA   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[497]   GAAACGTTGATTGAGTGGCCTGCTGCTCGTTGC   33  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑45[518]   CGGTTAGTGTTGATACATCAACTGTATCGGGTG   33  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑48[433]   CGTAACATCCGTTTGGCAAAACGCTATTCACTGACGTCTCATCTA   45  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑48[454]   GGCACACTGAATCATGGGCAAATCCTTCCAGACGGAAGCT   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑48[468]   AATCCGAAACCAATCGTAGTAACCA   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑48[496]   GCGCTCGGCTTCATCCTGAGCCTGTAGCTCCCTATGCGAA   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑48[517]   GCAGTGTATGCAGTATTTGCTTTTC   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑49[437]  
CATCGCACGCCGGGGATATTGGTCGTCCTGACGAAAGGGTTTGAT
TGA   48  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑49[455]   CGTGTATGAAGATTCACAAATCCATGTGGGATGCCCGCCG   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑49[476]   CGCTGAATGATTTTCTCGGCAGACAGGACTGCGTGGGCACG   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑49[497]  
GACGGAGGATGATGCCCACCACATCGTCGTTTGATTACGTGTGTG
CCAT   49  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑49[518]   TGCTGCGTCGTCTTGCCGGTACGGATTTGGACGGCACCACGCCA   44  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑5[469]   GCCGAGAGACGTACACGCGGCAGGG   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑50[447]   ATGGGCCTCATGGTAGCCAAAGACCATTTCCATACGAAAG   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑50[475]   ACCGCAGCTTAGACAGAAAGCCTGATGATACACCATATG   39  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑50[489]  
TAATAAATTCTATTGGCGAACAACAAGGCACCGGAACATGGTCT
T   45  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑51[410]   TGGTAAGGCAACAGTGTCATCCTGCAGGTTGCAGGAGA   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑51[462]   CCTGAAATCAGTTGAACAGCGGCAGTTGTGAACCGGT   37  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑51[483]   CTGGAGATGAGCGGGATATTCAAACAGTTGGCCGGCGG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑51[504]   CAGGCAGTGGGGGCGCTGTTTTCCTCATTTG   31  
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51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑6[444]   GGATAACCCATTATCTTGCCGGGCGGGAAAG   31  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑6[465]   GCTCAGGATATGCGGGCGACCAGTTTTGC   29  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑6[482]   AATTGCCTAAACACCGTAAAAAGCCAGCCACAGTGCACCA   40  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑6[507]   GCGCCGGAAGAAGCACCTGATTATGAAATAACGTTCTG   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[413]   ACAGATTAGTTTACAGACTCCTTCGGCGTGCCTGGTACAACG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[427]   GGCACCGCTTTTACAGTTGCATCCGCCCCATGGCTG   36  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[455]   TGTTCTGCTGCCTGTTTGGTGCGACAAAGTCAGACCACGGGGG   43  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[473]   TCCGGGAACGAAGGAAGAAACTCCCT   26  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[497]   TGGAAGCCTGCTTCAGGTTTAACTTGAGTGATTGTCCTCGAA   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑7[518]   TTGCTGAAGGTAGCCACACGGTGCATGCCAAAAAATAAATTGGT   44  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[419]   GCTAAGACGTCGTGACTGCGGGGATGCCGGACATTCGTAAGG   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[433]   TGAATGCAAGTATCAGGGTTGATAACGGTATGACAGGTCGGT   42  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[454]   GCATGATGAAGATTCGTATACCGTATTCAGTGGAAAGTTAA   41  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[475]   TTGATTTCGTGAGTCATGGGAAGTTTCTGAAGGCGAGA   38  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[496]   TGTTTGAGTACGGTCGGAAATTTAT   25  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑8[517]   AAACAGTAATGTGAAGACAGCTGTTTCAAGCTGCGTTTGATGTAT   45  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑9[465]   TGTTCACTTCGGGGGTGTCTCGCAGGAAA   29  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑9[490]   TGACACTACAGTTTCACGCTGCTGCCTGCTCTGT   34  
51K-­‐‑VR-­‐‑Pre-­‐‑Turn-­‐‑9[507]   ATCGCGATAATACATGTCGTTCTTTTTGCTC   31  
51K-­‐‑VR-­‐‑rod-­‐‑16[660]   TCAATATATATTTAGCTTTCTGCTTCCTTTTTAGT   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[653]   CATATTCTGCATTTTCAGGTATTCGTCAGCTAAAA   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑12[650]   CCATGCTAACATTTGACTGAAGAT   24  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑24[655]   TTTATGGCCTCGATGCCTTATTTTTTTTTTTCA   33  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑26[655]   TTTTCGATGAACATTCATTGTTTTCTAAACGAA   33  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑35[635]   CGTGCAGCTTCCTCGGCA   18  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑6[646]   AATTCTATCTTTTCATTCGGTTAAGG   26  
51K-­‐‑VR-­‐‑rod-­‐‑10[650]   ACTGAAAGGTGATGTTCGCATAAAA   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑0[566]  
AGGGTGCTATAATCTCCTTCCTGATATGAGGAACAGGATGTCAGC
A   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑0[601]   TGGAGGAATTGATTAGCAAGTTTTTTAGGAGGTGAAAGT   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑0[615]   ATTATTTAGGGCTGTATAGTCAGTGCTTTGATGGTGCACTGT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑0[636]   CGCTCTTTCTTCTGTTTAAAAAATTGTTTCTGCTTGTTATTTTTT   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑1[592]   ATGTTTTTCAAAGCCATGCCTTTGAAACAGCGCGCTTG   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑1[602]   TCTTGTTTCTGCCTTCATCAGAAACGAACCGAGACACGA   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑10[597]   TTCCTGCATTCGCTCAAGTACCAG   24  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑10[615]   TCTTGATTACAGCCCCTCGTTAGAAAGGCCCAAAT   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑10[639]   CGAAAAAAATTCCGGCACTGGGCCATGTAAGCTGAC   36  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑11[592]   ATCAAGGCTTCAACAGAAGATGCTGCCTCGCGATGCGT   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑12[527]   CGCCGCCATCTCCGCAATTGGCACAAACCTGCGTCTGTGCTTCTG   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑12[566]   GATACTTCAGAGAGAAAATAAATCAAAATATGTATATTTTGA   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑12[615]   AACAATACCACTCGATAAGTCCTCGCCACACCCAC   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑13[557]   CTCCTGAGGTCAATGCTGCGAAGGAGCGTTTTTATCCG   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑13[634]   GCTGACAGTATTCAGAGTCGAAAATATCTCCTCAGCCAGCCGC   43  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑14[622]   GTTGCTAAGCGGGGTTTCCCCAGGCCAGCGCGATACCC   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑15[546]   AAAACCCCGAGTGCCTATATGCGTACTCCTCG   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑15[574]   TGTCTCTGGGGTAATGTGGAACCGGTGCAAACCTCGCCA   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑15[588]   CCAAACTGCCTGTAGCTGTCATCAAGCCGTCTTCTAGAC   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑15[609]   GGGTCCCACTGAAAATAACTCATCTTTATACGGTT   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑15[630]   TTATACCTCTATTAACAAAACCAACTCGGTCTGAGGTA   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑16[541]   ATTGTAGAGCGCTGGCTTTTCCAGGGACAATTTGCTGT   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑16[555]  
CCGGCCGTAGGAATGGCAAATGTCATCGACAGTGTCGGTGTGAA
T   45  
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51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑16[626]   AATAAACTAACTAATATCTGCT   22  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑17[574]   CACTGTTTGATTCGTCTTCCCTTGCCGT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑17[584]  
TCTCTAGCTTCGCATTTGCAAATTCTTGAATAAAAGCGTGCCTCA
A   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑17[609]   TGTCCTTCACAGGATTTTTTCAACTGCTTTCTTTCTCATTTC   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑17[641]   TTTCATCAAACGTAGGAAAACCACATTCACGCCGGAAGTGAAT   43  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑18[541]   TAATATCATTCTCTGCTTACGCCATGCA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[532]  
TTATTATTAATTTTTTGGGTTTGTGCTATCGTTGACCCATGTTTTCA
GA   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[557]   AAATTTCCACTTTTGTACGAATATATAA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[567]   GCTAGATGATTCTTTTAAGACCGTTTTCTCTAAATTATTATCACC   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[578]   ATATAACGTAACGGACAATGCTCATGTAATTGTCG   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[585]   TTATCATAAATTAGCCCATAACATGGCGGCGAGCAGCG   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[599]  
ATTGTAGCGAGAGGCTTATTTAAGTCAAAAGGGGCATTACGCAT
ACTT   48  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑19[627]   TGGAAGTCGTGACTAACAGATGATGGCT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑2[541]   TGATCAGATACAGGCGTTTGACAAATCAGAAACATCCC   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑2[552]   TATTTTTCTGTCCCTAGGATTGAGTTGTACGTCGTATCC   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑20[566]   TAGGTTATCTATCGATGTCATTACGGCAGACGCAAGCGCTTG   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑20[576]   TCCCAATGCAAGTGATTGCGATATGGATTAT   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑20[615]   AGCTTTCTAGATTAAATCAATGTAACAACTTCTTTACATTGT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑20[639]   TCCTCGAAGTTTTTTTAAACGATAGGATAACTGTGAACCTGGCGT   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑21[532]  
AGATATGGTTATGTCATCTCCTCCTGTGGCTTCTTGCTTTTTTTGTG
GT   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑21[550]   GACGGCTTGGCATTATGAGTAAATTTACATCTTCAGGAATTGGTT   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑22[552]  
GAAACTGTGACGGGGTCATTGAGAATATTTGTCATCACCATCCGT
ATGA   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑22[594]  
CTTCCGGAGCCACAGTAGGACTACGCTGCTGCTCTTCAGCAGTAC
GGCA   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑22[636]  
CGTTCTCCAGTAACCGAGCCGACTGCACCGATCTCCAATTTCGGA
TTTC   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑22[655]   TCAAACAGGGTTTTCTGAAGCGGT   24  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑23[605]  
CTTCTTTCCGGGCAGTAAGTAGGAATAGTCATATGAAATGATGAT
C   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑24[584]   GCCGATTTCTGAGGTTAGGCCTAAT   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑24[612]   GGGATTCGCGTTGTACTTATTGCTCCCGGGAA   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑25[539]  
ATTAGCCCTGTCTGCAGTACGGCGTTACACATGCCGAGTGATGGT
G   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑25[623]   GGGGATTGTACTGTTTTTGCTACGCATCATCCCCC   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑26[570]   GCAAAATGCATAATCTCTTCCATCCGCGTGCGTCTCG   37  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑27[539]   AGCACACAACAAGTTGTTCTCTCCATTCATAAAAC   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑27[560]   GCTGCCATTTCCTGTGATGACTTCGCCTTGGAACA   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑27[581]   TCATAGTTGGCAAATCACGACTCGTGAGTTTGTAA   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑27[602]   GCATTTTGGTAAACGCCACCTTATCCATCGTCCTT   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑27[623]   ATGCTGTGAACTTCTCCAACCTATTCAT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[545]   AATTCTTATTCCAATACATCGGTCATTTGTGA   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[566]   AGGGATGCGGCTAAATTT   18  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[587]   CGGAGTACTTAACTCTTGGACTATGAGTATGAATGTATT   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[608]   ATACCCATTGTGCACGACGAATCCTCTGCTGGCGCTCTTCAA   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[629]   GGATAACTATTATTTATCCCTATTGCAATTGCCCGTGGA   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑28[648]   TGTGCTTTCAGTAGCCAGTGCCTCGTCCATT   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑29[539]   CTTTCGCACCTGGTTTGGTGTGTCTGCATAATCATGAGG   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑29[577]   CCCGGATATTAATAATGCGAGGTGGTTACCGCGAT   35  
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51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑29[602]   CATCGCCTTCATCCCCCGAACCTGGTCGGTGTTTG   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑29[623]   ACAAAACGTCAAAATATTATTAGATAAATTGACCTATG   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑3[599]   GGACCATGGTGCGATAAAATGTTGCTTT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑3[609]   TTTTGTGATGTAAGAAGTATTTTTGCTA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑30[580]   TTTTCTTTGAACGCTGCTTTAATTTTTTCATATGTATCCATT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑30[601]   GATATTTTTCGTCAATCAGGCGCTTGATCTGT   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑30[622]   CTCTGATATCCATCATTACCTGAAGTCTTGCATCGATTTTGC   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑30[633]   CTGAATAATTGGCATTGTTTCAGCTCGACATGGTTTGTTGT   41  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑30[655]   ATTGGAGTAGATGCTTGCTTGGCTCTGTCAGCCCCAACATCAAG   44  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑31[558]   TATGTGCCATTCCACTAATGGGGAGTATCGATTGCAT   37  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[545]   GGCTTTCAAAATGAGCAGGGATATTCTGGCAAATGACCGTAT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[576]   CCGACCGGATTTGCAATGCTG   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[587]   CGGGTAACCGCTTTCACCAAC   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[608]   CCACCATTTGCAGACACTGAC   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[629]   GGAATGACACCTGAAAAGCCC   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑32[648]   GAACTGGCCGCAGTAATTTATATTTATATCATAAAATCACCAAT   44  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑33[556]   ATCTACATAAAGTCTTCAATTGCTTATCAGAAGTTAGCACGCC   43  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑33[581]   GAGCATTTCCTTATATGAAATTTGA   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑33[602]   TGTGGTGATGTCTGCTCAGTGTTGATCTAATTCCATGCTGTT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑33[623]   TGCGCGATTGATCTGGCATTTGATC   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑34[633]  
AGCGTGACAATTAATAATTTTTTTAAACTCAAAAGCGTCGCGCTC
G   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑35[546]  
CGCGTATGCAGGGGTCGTTCCATTCGGCCTTGAATCAGGTTGTGC
CGCC   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑35[588]  
AAGAGGCCTGAAACGGGAGTGGAAGATAGCAGCTCCCAACAGT
GTACTG   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑36[566]   TGCCGCGTCCTGATCCATCGGGTGTGAGCACGAGAGCGCCTC   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑36[580]  
GAACGGATGCGGTGCAGAGGCGCCACTGCGGCGCACACAGAGA
GTGTTA   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑36[601]   AGGTCATAGCAAAACCACCGCGCCGCAGGTCAGCTAGAAATCAG   44  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑36[643]   GAAAATTCTGCCAGGGAAGTGGAAGCGGTGCA   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑37[532]   GTGGCCAGAGAATTTGAATGAGGTGAACTTCCGATTGATAGG   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑37[613]   AGGAAAAATTCAGCACGAGTCCGGTGTTATC   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑37[627]   GCGGGCGGCAAAAACGTCGCATCAAATC   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑37[649]   CGCA   4  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑38[566]   AGGATCCGGTGAGAGTCTGGCATTTACA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑38[580]   AGCTGTCAAACAGCTATTGTTTGTTTTTAAGCGAAATAATTC   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑38[601]   ACGTGCACGTCAACTTTTCCATTACTGT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑38[622]   ACGTGCACGACAGATCAGTTATGTATCATTCAGGA   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑38[652]   GAGCAAAAGTGCGGCACGGTATCTCTGATTTTGCTTATTTTAGA   44  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑39[532]   CCGTTGCACATTACATGACTGAACACGTTGCTCGTTGTAATA   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑39[634]   ACGGAACAGACGCACTGAATACGCTGAAT   29  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑4[541]   CGGAGATGTTCTTTCCGGCAGGTGCGCCGACGGAAATT   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑4[562]   TTGGGGCGGACACAACGAGGGGAACAAACGAACT   34  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑40[556]   GACTACCTTGGTTCTGCTATGTGCCCTGCCTACTGGCAG   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑40[580]   CGCGCTCAGAAAGGATACATTAGAATTTACTC   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑40[601]   CGGAACGAGCAGTGAAGAGTATAAT   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑40[622]   ACTGGACTCTGAAATTCTTCACAAGTCTTTCTGCA   35  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑40[652]   TGGTAATGGATGAAACCCAAAGGTGTAATATACCAATACCG   41  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑41[532]   TTTGCGGCACGGCGCTGTTGCACAGGAA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑41[553]   AGCCTGAGACGGCGGGAATTGACCATATTATT   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑41[595]   GCCGCGAGACTAACCCTCCTCGTAATACTAAA   32  
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51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑41[616]   GACGCGTTCCAGATCGTTCACAAATGTTGTATTACAGAATGA   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑42[545]   CAAGACAGCTGAGTGAATAATGGAA   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑42[652]   TATATGGCCATGTATTGGTTT   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑43[606]   AATCCAAGAGCTTTTACT   18  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑43[637]   TCAGTTCCCGTAATTTGTGCCATCACGTCCACTGTATCT   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑44[619]   CGCCGGACAGGCTGCATCCCGCAGA   25  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑44[652]   TGCAACTGACTCAGCACG   18  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑45[537]   AACCGGATCTGCCGACTCTATATCTT   26  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑45[574]   AAATACACTTGCCCTCGTCCCTTCGTGACGCTATTTTCCATG   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑48[551]   TAACCGGATTGCCAGGCTTAAATGAGTGCATGGTCGCGTCC   41  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑48[573]   ATCTCCTCATGCTGCCACCTTCAGGATA   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑48[615]  
TCGTCATCCCATGTTTTATCCAGGGCGAGCGGCTTTCTGTTTCACA
TCG   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑48[655]   AATGTCGCGGCGTGTGACTGA   21  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑49[543]   GAAGAGGTGGACACCCACAGTGCCTGCTGTA   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑49[567]   GTGGTGGGAAGCGGCAGAATTAAGTCGCCGCGTAATTCATCGT   43  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑49[588]  
GACGCGACAGGAAGCGTCCTCAAGCGGAAAAAAGTGGCCACGA
TAA   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑49[626]   TGCTCAGGTCGCGGCCCTAAATATCTGGGAACGCCTGTG   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑5[571]   ACTAAGAATGCGACACTCTAATACCCAGATTGCGAACAACAA   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑50[552]   CCCATCACTACGGCTCTCCATCGCTTCGTGGTTACTCTT   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑50[573]   ATGTCCGAGCAGGGATCCCGGCGCTCTTCGAGTTCAGTCGCC   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑50[594]   ATCCCGGATTTTCATATATAAATCCTCTTCAACCTGAAT   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑50[655]   GATGACGCCGAGTGACGATGCACG   24  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑51[532]   GCGGTCGAGTGCATAACTGATGTCGCGTTCCGGCTAAAGACG   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑51[546]  
TTGTCTCCGAGGCTTTGCTACCGATTCCAGGAACGTGCTGCGCGC
A   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑51[571]   AAGCGCCACTTGGTTTTATACCAATATTGCGTCTAAATAGTT   42  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑51[609]  
GTCCTCACGCCACGGTCATATAATATGAAGGTAATGGCATCCGA
ATGCC   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑51[630]   CACCAGTGCCGGTGCGGCGAAAA   23  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑6[531]   ATTTTCACCACTCAATTGTTCGAATATTGGTA   32  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑6[583]   TCTTTTGTAACCTCGCTGGATAGTTAGCTTC   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑6[590]   TGTATGGTTTCTAAAGTTTATTATTTGAATCGATTAACTTTCTTT   45  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑6[625]   TTCTTCCGATTGTCATTCGCTTGCCGGCAAT   31  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑7[556]  
GCCATTAGACTATTGCAGCCTGAAGGTTCTTCTCCGTGGGAAGCC
C   46  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑7[616]   AGCCATACCTTACCCAGTTCCTTGGGAT   28  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑8[542]   CATGATAGTGTTAGTTACCAATGACGGAG   29  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑8[590]   CCCGCCGCAATTGGCTGACGCCGCTTTTTGACGGTTTT   38  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑8[608]  
GTGGAGCTGTTTTGTGTCAATATATAAAATGAAATCAACCAACGG
CAAA   49  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑8[633]   AGTCGTGGCAGATTGCCTCTCGGAATTCATCTGCCATAG   39  
51K-­‐‑VR-­‐‑Post-­‐‑Turn-­‐‑9[536]   TCACAAAGTCAGGCGGCTTCTCTCAAGCATA   31  
51K-­‐‑VR-­‐‑rod-­‐‑0[660]   GTAGTCTTATTTAGGTGGATTGAAAATGTTATAAC   35  
51K-­‐‑VR-­‐‑rod-­‐‑0[681]  
CAGCTGCTATGGGAAGTCGTGAAACGAACGACCTAAGGTGAATT
TATCC   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[702]  
CCTTGCAGGTAAGGTATGCATGCTTTCTGAAACATAGTCCTCTAA
TGCT   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[744]  
CAGGCGAGGCCGCTCCTCGCTCATCACGGACAGAAGGTTCGGCT
ACAAT   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[765]  
TTTAAGCGGGACCCTCACTAGTGTTCATAAATCTAAATACTACAA
GGTT   49  
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51K-­‐‑VR-­‐‑rod-­‐‑0[786]  
TAACAATTAAATTACGCCAAGCTCGGGTACCATAATAGAGCTGCT
TGTC   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[828]  
CCATACACTTTGAGCGGATAACAATGATATCTACATAATTTACGA
ATCT   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[849]  
AGCGTTGGCGTTAACATGTTGTGTCGGGGGATCCGAGTGTAATCA
TGTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[870]  
GCGGCTTCCCGCAACAACGTTGCGATGAGCTCGAAGCCATTCTCA
TAAT   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[912]  
TCCGTTGCAGATACCAAACGACGACTCGCCTATAACACAGCATCT
ACC   48  
51K-­‐‑VR-­‐‑rod-­‐‑0[925]   TGCGCTCGGAGAGCGCAC   18  
51K-­‐‑VR-­‐‑rod-­‐‑10[687]   TTTCTACTCCTCGACAAGTAGATGACC   27  
51K-­‐‑VR-­‐‑rod-­‐‑10[771]   ATGCAATAGTTACCAACTGTCGTGGAC   27  
51K-­‐‑VR-­‐‑rod-­‐‑10[855]   GGTCTTGGGGTTTTATAAATTATTATA   27  
51K-­‐‑VR-­‐‑rod-­‐‑10[921]   CGGGGAAAGCCGCCGCCGCGCTTAATGCGCC   31  
51K-­‐‑VR-­‐‑rod-­‐‑11[691]   ATTCTGACAAGTTACCAGTCAATTACA   27  
51K-­‐‑VR-­‐‑rod-­‐‑11[775]   GGCTGTGTTTGACTGTGTTTCAGCAGC   27  
51K-­‐‑VR-­‐‑rod-­‐‑11[859]   TTAGCAACTATACACTCTCTGAAGATA   27  
51K-­‐‑VR-­‐‑rod-­‐‑12[674]  
CCAACCAATCAGTAAAAGGATCAAAGCCAGATACGATAGGATG
AAGCAT   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[716]  
TTTCCGCCCGGTATTGTGTACCTTAATGCTGTTTTACGTCCGCCAT
GGG   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[737]  
TCAGTTCGTGATTCTTGAGTCCAACGGAGATCAATGCTTTTATCAG
TTG   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[758]  
ACCAACCGGCCATCACCGAATTGCAAACTAAGGTTCCGTGATAC
TCGTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[800]  
AATAGCACCCTCCCATATTGCAGTATATTTTTCTAATTCCTGTCGT
AAG   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[821]  
CGAGAAATTTTGCGAAAACTTGACTCACCACAGATTATTATTGTT
AGTG   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[842]  
AAGCTCACGACGCTTGGTGTACCTTCACCTGGCGGGTTAAAGTGG
CGCT   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[884]  
GAAGCGGTCAGGGAAGAAAGCGAAAAGCACTGTGAACCAGAAT
AGGTCA   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[906]  
ACTTACCACACGCGAACGTGGCGAGAAGGGAGATCAGGGGAGT
GTTACT   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[928]   GCTACAGGGCGCGGCATGACAGTA   24  
51K-­‐‑VR-­‐‑rod-­‐‑14[928]   AAAAAGGAAGAGTGGGAACCGGAG   24  
51K-­‐‑VR-­‐‑rod-­‐‑15[648]   CTATTAATGCGGGAGTTCCGATATACTT   28  
51K-­‐‑VR-­‐‑rod-­‐‑15[669]  
CGCGAAAAGAGTCGTTTGACATCAGTCACTACATATGTCGTGCGC
AGCG   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[690]  
GGCGGGTGTGCTTCTTACTGGTTATGCGCTATTATGTAAAGGAAA
GCAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[732]  
AGCAACAGACCTTTGCACTGGATTGTTTGATGATATTTATACTAA
AGTG   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[753]  
TTTTAACTTCTTTGTGCTTCTGGACCCGACTTTCCGGAAGTTACTC
AAG   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[774]  
GCTGGAATTACAGTGAGCGCAACGTGCAGCTCGGGCTGCCGGGT
TAGGT   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[816]  
GCTTTTCACAGGCACCCCAGGCTTATACGCAGAACGACTGTTACC
GTTC   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[837]  
GCCGGAATTGTATGCTTCCGGCTCGAGGAAGGATACCTCATACCT
GGAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[858]   TAGCAAACTAAACTACTTACTCTATGGGTCTTTGCAGCACTCATA 49  
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TTTT  
51K-­‐‑VR-­‐‑rod-­‐‑15[900]  
TAAGCGTGACTGGAGGCGGATAAAGGCTGGCTTATCTAGTGCCTC
GTTC   49  
51K-­‐‑VR-­‐‑rod-­‐‑16[681]   TCATTAGCTCATCGTATTGTAGTTATACCCGCAAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[723]   CCAAGCCGATCGTTTTCCATCTAAACCCTTAACTT   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[744]   TTATTCGTAGTAAGTTACTCTCTAACCGCAATAAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[765]   GCTAGGGAACCAACAGCGGGGATCACACATACTTC   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[807]   TAAGGTATCGAGATCAGTTGGGTGCCAATGAATTT   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[828]   TGAGAATTCCGGTGAAAGTAAAAGGTTCTGCCAAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[849]   TCTTCCACTATTTTGCTCACCCAGTTATCCCACTC   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[891]   TACGGGGGATTGTCGCCCTTATTCTATCCGCCGCG   35  
51K-­‐‑VR-­‐‑rod-­‐‑16[912]   GTGTGATCGTTATGAGTATTCAACCCCTGATGGC   34  
51K-­‐‑VR-­‐‑rod-­‐‑16[928]   GCTGCCATAACCGGGAGTCAG   21  
51K-­‐‑VR-­‐‑rod-­‐‑17[662]   GAACACGTCATCTACTGCAGGAATTTCCATAGTAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[683]   AAGATTCTGGCCTCTTTCAATAACACGGGGCTTCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[725]   ATTCGGGAGCATTTTATTAAAATATTACATAAGAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[746]   ATTGTATAGTTTTATTTGGCGGCATCTCTTTCCAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[767]   TTCTGTCTTCAGATCCTTGAGAGTTGGATCTAAAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[809]   CCTTAGCAATTGAGCACTTTTAAAATGCTGAATAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[830]   GTTCTGCCTCTATGTGGCGCGGTAAAACGCTTGCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[851]   CGCCGGTCTCGTATTGACGCCGGGTTCCTGTGTTC   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[893]   GTCAAATGTGTCATGAGACAATAAATTTCCGCATG   35  
51K-­‐‑VR-­‐‑rod-­‐‑17[914]   GATGTCAGGTAAATGCTTCAATAATATTG   29  
51K-­‐‑VR-­‐‑rod-­‐‑18[695]   TTGTCATACAGAAAAGTTTTCATCGCAGATATCGC   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[716]   AATAAATGAAAGGCTGATGAGTTCCATAAAATCGA   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[737]   ATGCGCCTAGAACTCTTCATATTTTATCATCTGCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[779]   AGGGAAGAAATAAGTGGTGGTATCCGAGTTAAAGT   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[800]   TTTTTGTCTGTGAATCAACGGACTTCACCGAACAC   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[821]   CGGAAAATGGAATGGTTTCATAAGGGACGGAGAAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[863]   CAAGTCGAGGGGTTCGACCTTCTACATTATCAACA   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[884]   TACAAATCGGCATTATCATCGCTTCGAGCATCCGA   35  
51K-­‐‑VR-­‐‑rod-­‐‑18[906]   GTCTCCCCCGATACTTTACCTTCATGCTATAAGCTC   36  
51K-­‐‑VR-­‐‑rod-­‐‑18[925]   CGTCAAAGGCAAGAGTCC   18  
51K-­‐‑VR-­‐‑rod-­‐‑19[697]   TTATGACTTTTTTCTGGATATTGTCATATTTACCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[718]   TCTTGGTTCACAATTTAGTGAATTAGAAATGTTCT   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[739]   TTTAGGTGGAGTCCACTTGAATCTACGTCTTTGAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[781]   AAAATCGAGTAAACACCTAAGTTCGCGATAAATGA   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[802]   TAATATTGCTATGTCTCAATATCCAAAGCTCTCCT   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[823]   TTTTACTGGGTAATATTTATTGCTTTTTTAGACAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[865]   ATAATCCCCTTGCATCATACCTTCTTAAAACTGCC   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[886]   AGACAATAGGTTATTAAGCATTTCCTCTGTTAACC   35  
51K-­‐‑VR-­‐‑rod-­‐‑19[907]   CAGTAAATCAGTTCTCGCTGGAAGAGGTA   29  
51K-­‐‑VR-­‐‑rod-­‐‑2[925]   GAGGGAGCTTCCAGGGGAACAGGCCCT   27  
51K-­‐‑VR-­‐‑rod-­‐‑20[667]   AAATCTCATATTTTAGCGTATTAGAATTTTACTAA   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[688]   TGAAACTGCGGGCATGTAATAATTCTGGCTTGTTA   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[709]   ATCTAGGCCTTCTGCCATAGATTATCGAATGATCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[751]   CAGCAAAATAACATGTTCTTTGTATTTATTTGCGA   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[772]   TCAGCAGAGCCCTTTTGCTGGCCTTGATTCTCAGG   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[793]   TCGCTGTCCTCGGCCTTTTTACGGTACCGCCTCAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[835]   CTGACTCTGTGCTCGTCAGGGGGGGACCGAGGCGC   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[856]   CTTTAAAACTTTGAGCGTCGATTTGAGAAAGATTG   35  
51K-­‐‑VR-­‐‑rod-­‐‑20[877]   GACAAAGGATTCGGGTTTCGCCACAAGGGAGGTGA   35  
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51K-­‐‑VR-­‐‑rod-­‐‑20[925]   CAGATCGCTAAATCCCTT   18  
51K-­‐‑VR-­‐‑rod-­‐‑21[647]   ATTTCTACCAGTGGAGTA   18  
51K-­‐‑VR-­‐‑rod-­‐‑21[669]   CTGATACCATAATAAGTTATTCTCCGTAATCGAGT   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[690]   GTAATGCTCTCATCAAATAAAGAGTAGCTAACAAC   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[711]   ATGGACAAAAATGTTGGCGAAATCTATACATTATC   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[753]   CGTCTGGAGTCCTGCGTTATCCCCTTTGCTCAATA   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[774]   GGTGGCACGAGTGGATAACCGTATTTCCTGGGCAG   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[795]   CGTGGCCGATTTTGAGTGAGCTGAAGCAACGTCTA   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[837]   TGACGGAAGACGCAGCGAGTCAGTTTGTGATAGCA   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[858]   TCACGCGGGCCGCCACGCTTCCCGCTCTGACTCAT   35  
51K-­‐‑VR-­‐‑rod-­‐‑21[879]   ATGGGAGCCGAAAGGCGGACAGGTAGTCCTGCTAG   35  
51K-­‐‑VR-­‐‑rod-­‐‑3[676]  
CTTCCCGAGACGCCACCGCGGTGGCGACATCCGCGACGTAAAGA
TCTGA   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[697]  
TCGTGCCATGATTCGCCCTATAGTAAACTAATGGTTTCCCTGTTTG
TAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[718]  
AATTCTGTCAATTACAATTCACTGGAACCTCCTTTGCAGTTGGGAT
TTC   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[760]  
ACTGAAGGATAAAACCCTGGCGTTTTAATGTGTGTGTCCTACTAA
TAAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[781]  
ATAAGAGCTATTAATCGCCTTGCATGCGTGCTAACTGATAACCTT
GAAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[802]  
GTGGGTGGTTCCCCTTTCGCCAGCTTGCAATTATTCTATTTCATAA
TTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[844]  
CCGCGTAATCATCGCCCTTCCCAATGCAGGAAGTAATGCGTAATA
CTGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[865]  
TTTTTGAGATGCAGCCTGAATGGCCGGCAAAAATCAAAATCACC
CGAAT   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[886]  
GTGAGAAAAGGCGGGAAATTGTAATTTTAACTAGGGTTCGATGG
CACCA   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[907]   CTCCCACTGATATTTTGTTAAAATTCGCG   29  
51K-­‐‑VR-­‐‑rod-­‐‑30[715]   TAACTAATATCGCTTAAGGACGCTGGC   27  
51K-­‐‑VR-­‐‑rod-­‐‑30[799]   ATGGTCGACTTGGGGAGAACTATAAGC   27  
51K-­‐‑VR-­‐‑rod-­‐‑30[883]   GTACAACATTTCTGACAGTACTCCCAC   27  
51K-­‐‑VR-­‐‑rod-­‐‑30[928]   CTGAATGAAGCCGACCACTTC   21  
51K-­‐‑VR-­‐‑rod-­‐‑33[719]   CAGCAAGAACAAAATCAAAGCATAGAA   27  
51K-­‐‑VR-­‐‑rod-­‐‑33[803]   CAGCGCGTTGCACACAGTGGCGAAGCT   27  
51K-­‐‑VR-­‐‑rod-­‐‑33[887]   TATAAATCTGTAAGCCGGTAACTACCG   27  
51K-­‐‑VR-­‐‑rod-­‐‑4[659]   AAATCTGCTATACCTTATTCATACATT   27  
51K-­‐‑VR-­‐‑rod-­‐‑4[743]   TCTATCAGTCTTTTTTATATCATAGCT   27  
51K-­‐‑VR-­‐‑rod-­‐‑4[827]   ACTTCAAGACTAATCCCTACACCGCAC   27  
51K-­‐‑VR-­‐‑rod-­‐‑4[911]   TTATGACCAGAGATAGCACGACGATGA   27  
51K-­‐‑VR-­‐‑rod-­‐‑5[663]   TATAGTAAACTGTGCCTCAGACCCGGC   27  
51K-­‐‑VR-­‐‑rod-­‐‑5[747]   GTAGAGCAACCTTCATAGAGCATATCG   27  
51K-­‐‑VR-­‐‑rod-­‐‑5[831]   CCGCAGTACCTGCAAATGTTTTTAAGA   27  
51K-­‐‑VR-­‐‑rod-­‐‑6[653]   GCCGCATAAAACAATTGTTGATAATGCT   28  
51K-­‐‑VR-­‐‑rod-­‐‑6[688]  
CAAAGCTCCAGTGTCCGACTTATGGCAGACATGCTTTTTGTGTTTG
CTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[709]  
ATAGAGTCGTTCACGATACTGTGATGAAAGGCCCTTCGGTCTGTT
GAGA   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[730]  
GATGCCGTCGTCCCACTCCCTGCCTTGTTGCTTATAAATAATTTAA
AAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[772]  
CGCACCCAACCCAACTCTTTTTCCGGCTTCAAGACGATTAAGGCG
ATTT   49  
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51K-­‐‑VR-­‐‑rod-­‐‑6[793]  
CATGCACATCTGTTTGCCGGATCACCAAATATGTCTTAAACGGGG
CAAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[814]  
GAGTGGCGTACCACCGCTACCAGCTAGCCGTGCTGCCAGCCCAG
CCCAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[856]  
TCACAGTTGCCCTTTTTTTCTGCGCCTGATTTAGATTAACAGCGTA
AAA   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[877]  
AATGAATGGCATCAAAGGATCTTCTAATTTACAAGTTTACTGGGG
GGAG   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[898]  
ATTACGTTAAGCGTCAGACCCCGTAAGATCCAAGCATTCTCCCGT
AACT   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[921]   TTAAATTTTTGTTTTGGAAGCGAAAATACG   30  
51K-­‐‑VR-­‐‑rod-­‐‑8[921]   GTTTTTTCATTGTTTAGAGCTTGA   24  
51K-­‐‑VR-­‐‑rod-­‐‑9[662]  
TCAATGCACTGGGTTGGTGATTGCTTTAACACTGTCCAAAAAAAA
GTGA   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[704]  
ATATTGCTGGTTACCACACCCATTCTATTAAGGTGTTAATTTGCTT
TTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[725]  
AAGTATAAAAATAAAAGCATGAATCTGAATCTTCAATGTATGTTT
ATAT   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[746]  
TTTTGGCAGCCTGGGCATAGAATTTCAAAAGTGGCCATCCTGAAT
TTTA   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[788]  
TCTCGCGGCAACATAAAAACTGATAGCTTGATGCGGTTAGTCATT
GGTT   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[809]  
ATACTTTCTCGGAGTTCCGGAAACTACCTGTTATAACTCTCTTTTT
TGG   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[830]  
TTTCATCTACGCATATACCCATTGTGCTTCCTCTTTGATTGCTAGG
AAC   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[872]  
GTAAGGAGCGCGCTGGCAAGTGTACCCCTATTTGGTTGAACGATC
CCAG   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[893]  
CTAAAAGGAACGCTGCGCGTAACCTTCGGGGACAGAAATGCGGC
CATCG   49  
51K-­‐‑VR-­‐‑Turn-­‐‑1[627]-­‐‑T3-­‐‑X24  
AAATCACAACTCAAGTGCCGGTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑Turn-­‐‑10[576]-­‐‑T3-­‐‑X24  
CTGTTAACCGAGGCCTTCACTTTAGACTCTAATGCAGTCACCAAC
GC   47  
51K-­‐‑VR-­‐‑Turn-­‐‑2[647]-­‐‑T3-­‐‑X24   TCTTAGCATTTTAGACTCTAATGCAGTCACCAACGC   36  
51K-­‐‑VR-­‐‑Turn-­‐‑24[573]-­‐‑T3-­‐‑X24  
CACTGGTGATTCATACGCGGGTTTAGACTCTAATGCAGTCACCAA
CGC   48  
51K-­‐‑VR-­‐‑Turn-­‐‑25[586]-­‐‑T3-­‐‑X24  
GCAGGCGGTTCAGTTCAAGTTTAGACTCTAATGCAGTCACCAACG
C   46  
51K-­‐‑VR-­‐‑Turn-­‐‑30[534]-­‐‑T3-­‐‑X24  
GTTCTATGGTTAGTATATTGTATTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑Turn-­‐‑36[652]-­‐‑T3-­‐‑X24   ACGGCGGCATTTAGACTCTAATGCAGTCACCAACGC   36  
51K-­‐‑VR-­‐‑Turn-­‐‑43[624]-­‐‑T3-­‐‑X24  
GCTTCGAGAGCGGCAATAAGTTTAGACTCTAATGCAGTCACCAA
CGC   47  
51K-­‐‑VR-­‐‑Turn-­‐‑45[553]-­‐‑T3-­‐‑X24  
TATTTGGTGTCTGCATGGAGATTTAGACTCTAATGCAGTCACCAA
CGC   48  
51K-­‐‑VR-­‐‑Turn-­‐‑49[604]-­‐‑T3-­‐‑X24  
CCGGCGATGCCAGTGCATCAGCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑Turn-­‐‑50[615]-­‐‑T3-­‐‑X24   TGTTCGACAGCTCTCAGGTTTAGACTCTAATGCAGTCACCAACGC   45  
51K-­‐‑VR-­‐‑Turn-­‐‑9[550]-­‐‑T3-­‐‑X24  
CACTATAAACCTATACCTTCTTTAGACTCTAATGCAGTCACCAAC
GC   47  
51K-­‐‑VR-­‐‑rod-­‐‑14[703]-­‐‑T3-­‐‑X24  
TATTGAACTTAACTAAACGTGGTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑14[787]-­‐‑T3-­‐‑X24   TTACATCGAACTTTCGCCAAGATTTAGACTCTAATGCAGTCACCA 49  
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ACGC  
51K-­‐‑VR-­‐‑rod-­‐‑14[871]-­‐‑T3-­‐‑X24  
GGCATTTTGCCCACTAAATTTTTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[711]-­‐‑T3-­‐‑X24  
AGTTGGCGGACGTAGTGGGTGGTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[795]-­‐‑T3-­‐‑X24  
CGAGACCATGTGTGAGTTAGCTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑15[879]-­‐‑T3-­‐‑X24  
TGCAGCAATGGGCAACAATTAATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑17[704]-­‐‑T3-­‐‑X24   TGAATGAAAATCCTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑17[788]-­‐‑T3-­‐‑X24   CGTAATGATGCCGTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑17[872]-­‐‑T3-­‐‑X24   GACTTGTTTATACTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑19[676]-­‐‑T3-­‐‑X24   GTTTACTAATAGATTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑19[760]-­‐‑T3-­‐‑X24   AGGTCGTAAAGTATTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑19[844]-­‐‑T3-­‐‑X24   GTGTTTTGGAACCTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑2[731]-­‐‑T3-­‐‑X24  
GTTACAGCAGTACATCGTAATTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑2[815]-­‐‑T3-­‐‑X24  
GGAAAAACGCCTACCGCTTCTCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑2[899]-­‐‑T3-­‐‑X24  
GGTATCTTTATATCCGGTTTGCTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑21[732]-­‐‑T3-­‐‑X24   ATTGACAAAACACTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑21[816]-­‐‑T3-­‐‑X24   AGCAACCGCCCGCTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑21[900]-­‐‑T3-­‐‑X24   TAGTGGTTTAAAGTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑3[655]-­‐‑T3-­‐‑X24  
CTTCTTATACTTCATCATATTCTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[739]-­‐‑T3-­‐‑X24  
CACAATTTTGTTTTACAACGTCTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑3[823]-­‐‑T3-­‐‑X24  
CACAAAAAAAATAGCGAAGAGGTTTAGACTCTAATGCAGTCACC
AACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑8[675]-­‐‑T3-­‐‑X24  
TTTTTGATAGCCATGTCCCTTGTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑8[759]-­‐‑T3-­‐‑X24  
CACTTCTCATTGTGGTAAAAAGTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑8[843]-­‐‑T3-­‐‑X24  
ACCATTATAATTCTCTTGACCTTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[683]-­‐‑T3-­‐‑X24  
CTATAGGAGGATTCCATTCAAATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[767]-­‐‑T3-­‐‑X24  
TGTTAATAGGCTCCAGTTCGCCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑9[851]-­‐‑T3-­‐‑X24  
ATGGATGAATAAAAAAATGTCCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑Turn-­‐‑11[550]-­‐‑T3-­‐‑X24  
TCATGTCAAGTTTGAGCAAGGCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑Turn-­‐‑15[599]-­‐‑T3-­‐‑X24  
ACCTGTTTCTTGTCAGGCCATTTAGACTCTAATGCAGTCACCAAC
GC   47  
51K-­‐‑VR-­‐‑Turn-­‐‑25[571]-­‐‑T3-­‐‑X24   TAAACCATCGGGAGATTTAGACTCTAATGCAGTCACCAACGC   42  
51K-­‐‑VR-­‐‑Turn-­‐‑25[605]-­‐‑T3-­‐‑X24   TCGTTGCTTTAGCGTTAATTTAGACTCTAATGCAGTCACCAACGC   45  
51K-­‐‑VR-­‐‑Turn-­‐‑29[557]-­‐‑T3-­‐‑X24  
CCAGCTTTTGTGTGCGCCTATTTAGACTCTAATGCAGTCACCAAC
GC   47  
51K-­‐‑VR-­‐‑Turn-­‐‑31[572]-­‐‑T3-­‐‑X24  
ATACTCGTTGACGAAAGTGATAATTTAGACTCTAATGCAGTCACC
AACGC   50  
51K-­‐‑VR-­‐‑Turn-­‐‑34[618]-­‐‑T3-­‐‑X24   AGCAAAAACGCGGCGGCTTTAGACTCTAATGCAGTCACCAACGC   44  
51K-­‐‑VR-­‐‑Turn-­‐‑34[652]-­‐‑T3-­‐‑X24   CGTCAGAAACGAATGCTGCTTTAGACTCTAATGCAGTCACCAACG 46  
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C  
51K-­‐‑VR-­‐‑Turn-­‐‑44[634]-­‐‑T3-­‐‑X24   CGCCGCCAGCACGTCTTTAGACTCTAATGCAGTCACCAACGC   42  
51K-­‐‑VR-­‐‑rod-­‐‑0[723]-­‐‑T3-­‐‑X24  
AGCCACAAAGATTCACTACAGTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[807]-­‐‑T3-­‐‑X24  
CCCCTCATTACAGGAAACAGCTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑0[891]-­‐‑T3-­‐‑X24  
TGAGACTGGAACCACGATGCCTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑1[651]-­‐‑T3-­‐‑X24   ATCTTTTCGACCCAATCGTTTAGACTCTAATGCAGTCACCAACGC   45  
51K-­‐‑VR-­‐‑rod-­‐‑1[731]-­‐‑T3-­‐‑X24  
CCATTGGATTGTGCCAAGAGGTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑1[815]-­‐‑T3-­‐‑X24  
CGCAGCCGAACCGGAGCCCCACTTTAGACTCTAATGCAGTCACC
AACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑1[899]-­‐‑T3-­‐‑X24  
CGGCAGGGTCGGGAAACGTAATTTTAGACTCTAATGCAGTCACC
AACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[695]-­‐‑T3-­‐‑X24  
AAATGTTGTTGTCAGGTTGTTCTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[779]-­‐‑T3-­‐‑X24  
GCTGCATTCACGATGGAACTAATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑12[863]-­‐‑T3-­‐‑X24  
TAGGTTAGGGGGCGCCGATATATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑13[703]-­‐‑T3-­‐‑X24  
AACATATAGTAAAATTAGTTCATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑13[787]-­‐‑T3-­‐‑X24  
AAGAACGTTTTCACGAGTCCCTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑13[871]-­‐‑T3-­‐‑X24  
ATTCAAATATGCCTTTTTTTTTTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑16[702]-­‐‑T3-­‐‑X24   TTAGAAGCGTTAGTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑16[786]-­‐‑T3-­‐‑X24   TCTGGGCCCCGGGTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑16[870]-­‐‑T3-­‐‑X24   GACAACCGCTTGCTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑18[674]-­‐‑T3-­‐‑X24   ATCGTTGTCTAGTTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑18[758]-­‐‑T3-­‐‑X24   GTAATTCAGGTGTTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑18[842]-­‐‑T3-­‐‑X24   CTAATGAAACCTGTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑19[648]-­‐‑T3-­‐‑X24  
ATTTGTGATAGTTTAACTCGTTTAGACTCTAATGCAGTCACCAAC
GC   47  
51K-­‐‑VR-­‐‑rod-­‐‑20[730]-­‐‑T3-­‐‑X24   GCAAACGAACAGATTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑20[814]-­‐‑T3-­‐‑X24   GCTAGTTAGGTATTTTAGACTCTAATGCAGTCACCAACGC   40  
51K-­‐‑VR-­‐‑rod-­‐‑20[899]-­‐‑T3-­‐‑X24   GATTTTTTTGACCTTTTAGACTCTAATGCAGTCACCAACGC   41  
51K-­‐‑VR-­‐‑rod-­‐‑6[667]-­‐‑T3-­‐‑X24  
TGAGAGCGGCAGATGTTGAGCATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[751]-­‐‑T3-­‐‑X24  
CAGGACTGGGCATTATTTGATTTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑6[835]-­‐‑T3-­‐‑X24  
CTTCGCACCGTGCTGCTTGCAATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑7[675]-­‐‑T3-­‐‑X24  
GCTCATTCGAAACTACTTTTTTTTTAGACTCTAATGCAGTCACCAA
CGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑7[759]-­‐‑T3-­‐‑X24  
AAAACACCTCACAGAATTATAATTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑7[843]-­‐‑T3-­‐‑X24  
GTAGGACTTTCATCCTATAAGCTTTAGACTCTAATGCAGTCACCA
ACGC   49  
51K-­‐‑VR-­‐‑rod-­‐‑4[925]-­‐‑T3-­‐‑X24   AACGTGAGTTTTCGTTTAGACTCTAATGCAGTCACCAACGC   41  
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